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Summary
Background and objectives of ICP IM
Integrated monitoring of ecosystems means physical, chemical and biological 
measurements over time of different ecosystem compartments simultaneously at 
the same location. In practice, monitoring is divided into a number of compartmental 
subprogrammes which are linked by the use of the same parameters (cross-media 
fl ux approach) and/or same or close stations (cause-effect approach).
The International Cooperative Programme on Integrated Monitoring of Air 
Pollution Effects on Ecosystems (ICP IM) is part of the Effects Monitoring Strategy 
under the Convention on Long-range Transboundary Air Pollution (LRTAP). The 
main objectives of the ICP IM are:
• To monitor the biological, chemical and physical state of ecosystems (catchments/
plots) over time in order to provide an explanation of changes in terms of 
causative environmental factors, including natural changes, air pollution and 
climate change, with the aim to provide a scientifi c basis for emission control.
• To develop and validate models for the simulation of ecosystem responses and 
use them (a) to estimate responses to actual or predicted changes in pollution 
stress, and (b) in concert with survey data to make regional assessments.
• To carry out biomonitoring to detect natural changes, in particular to assess 
effects of air pollutants and climate change.
The full implementation of the ICP IM will allow ecological effects of heavy metals, 
persistent organic substances and tropospheric ozone to be determined. A primary 
concern is the provision of scientifi c and statistically reliable data that can be used in 
modelling and decision making.
The ICP IM sites (mostly forested catchments) are located in undisturbed areas, 
such as natural parks or comparable areas. The ICP IM network presently covers 
about 50 sites from nineteen countries. The international Programme Centre is located 
at the Finnish Environment Institute in Helsinki. The present status of the monitoring 
activities is described in detail in Section 1 of this report.
A manual detailing the protocols for monitoring each of the necessary physical, 
chemical and biological parameters is applied throughout the programme (Manual 
for Integrated Monitoring 1998).
Recent assessment activities within the ICP IM
Assessment of data collected in the ICP IM framework is carried out at both national 
and international levels. Key recent tasks regarding international ICP IM data have 
been:
• Input-output and proton budgets
• Trend analysis of bulk and throughfall deposition and runoff water chemistry
• Assessment of biological data using multivariate gradient analysis
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• Dynamic modelling and assessment of the effects of different emission / 
deposition scenarios, including confounding effects of climate change 
processes 
• Assessment of concentrations, pools and fl uxes of heavy metals
• Empirical thresholds for N deposition (soil C/N ratios, input-output budgets)
• Compilation of available information on cause-effect relationships of forest 
ecosystems
Conclusions from recent international studies
Input-output and proton budgets
Ion mass budgets have proved to be useful for evaluating the importance of various 
biogeochemical processes that regulate the buffering properties in ecosystems. Long-
term monitoring of mass balances and ion ratios in catchments/plots can also serve as 
an early warning system to identify the ecological effects of different anthropogenically 
derived pollutants, and to verify the effects of emission reductions.
The fi rst results of input-output and proton budget calculations were presented in 
the 4th Annual Synoptic Report (ICP IM Programme Centre 1995) and the updated 
results regarding the effects of N deposition were presented in Forsius et al. (1996). 
Data from selected ICP IM sites have also been included in European studies for 
evaluating soil organic horizon C/N-ratio as an indicator of nitrate leaching (Dise 
et al. 1998, MacDonald et al. 2002). Soil water fl uxes for budget calculations have 
been estimated using a water balance model (Starr 1999). New results regarding the 
calculation of fl uxes and trends of S and N compounds have been presented in a 
scientifi c paper prepared for the Acid Rain Conference, Japan, December 2000 (Forsius 
et al. 2001). A scientifi c paper regarding calculations of proton budgets has recently 
been published (Forsius et al. 2005).
The budget calculations showed that there was a large difference between the sites 
regarding the relative importance of the various processes involved in the transfer 
of acidity. These differences refl ected both the gradients in deposition inputs and 
the differences in site characteristics. The proton budget calculations showed a clear 
relationship between the net acidifying effect of nitrogen processes and the amount 
of N deposition. When the deposition increases also N processes become increasingly 
important as net sources of acidity.
A critical deposition threshold of about 8-10 kg N ha-1 a-1, indicated by several 
previous assessments, was confi rmed by the input-output calculations with the ICP 
IM data (Forsius et al. 2001). The output fl ux of nitrogen was strongly correlated 
with key ecosystem variables like N deposition, N concentration in organic matter 
and current year needles, and N fl ux in litterfall (Forsius et al. 1996). Soil organic 
horizon C/N-ratio seems to give a reasonable estimate of the annual export fl ux of 
N for European forested sites receiving throughfall deposition of N up to about 30 
kg N ha-1 a-1. When stratifying data based on C/N ratios less than or equal to 25 and 
greater than 25, highly signifi cant relationships were observed between N input and 
nitrate leached (Dise et al. 1998, MacDonald et al. 2002). Such statistical relationships 
from intensively studied sites can be effi ciently used in conjugation with regional 
monitoring data (e.g. ICP Forests and ICP Waters data) in order to link process level 
data with regional-scale questions.
Sulphur budgets calculations indicated a net release of S from many ICP IM sites, 
indicating that the soils are releasing previously accumulated S. Similar results have 
been obtained in other recent European plot and catchment studies. 
The reduction in deposition of S and N compounds at the ICP IM sites, caused by 
the new ‘Protocol to Abate Acidifi cation, Eutrophication and Ground-level Ozone’ 
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of the LRTAP Convention (‘Gothenburg protocol’), was estimated for the year 2010 
using transfer matrices and offi cial emissions. Implementation of the new protocol 
will further decrease the deposition of S and N at the ICP IM sites in western and 
north western parts of Europe, but in more eastern parts the decrease will be smaller 
(Forsius et al. 2001).
Results from the ICP IM sites have also been summarised in a recent assessment 
report prepared by the Working Group on Effects of the LRTAP Convention (Sliggers 
and Kakebeeke 2004, Working Group on Effects 2004).
Trend analysis
Empirical evidence on the development of environmental effects is of central 
importance for the assessment of success of international emission reduction policy. 
First results from a trend analysis of monthly ICP IM data on bulk and throughfall 
deposition as well as runoff water chemistry were presented in Vuorenmaa (1997). 
ICP IM data on water chemistry have also been used for a trend analysis carried 
out by the ICP Waters and presented in the Nine Year Report of that programme 
(Lükewille et al. 1997).
Calculations on the trends of N and S compounds, base cations and hydrogen ions 
have been made for 22 ICP IM sites with available data across Europe (Forsius et al. 
2001). The site-specifi c trends were calculated for deposition and runoff water fl uxes 
using monthly data and non-parametric methods.
Statistically signifi cant downward trends of SO4, NO3 and NH4 bulk deposition 
(fl uxes or concentrations) were observed at 50% of the ICP IM sites. Sites with higher 
N deposition and lower C/N-ratios clearly showed higher N output fl uxes, and 
the results were consistent with previous observations from European forested 
ecosystems. Decreasing SO4 and base cation trends in runoff waters were commonly 
observed at the ICP IM sites. At some sites in the Nordic countries decreasing NO3 and 
H+ trends (increasing pH) were also observed. The results partly confi rm the effective 
implementation of emission reduction policy in Europe. However, clear responses 
were not observed at all sites, showing that recovery at many sensitive sites can be 
slow and that the response at individual sites may vary greatly.
Data from ICP IM sites have also been used in a study of the long-term changes 
and recovery at nine calibrated catchments in Norway, Sweden and Finland (Moldan 
et al. 2001, RECOVER:2010 project). Runoff responses to the decreasing deposition 
trends were rapid and clear at the nine catchments. Trends at all catchments showed 
the same general picture as from small lakes in Scandinavia.
It was agreed at the ICP IM Task Force meeting in 2004 that a new trend analysis 
should be carried out. The preliminary results were presented in Kleemola (2005) and 
the updated results are presented in Section 2 of this report. Statistically signifi cant 
decreases in SO4  concentrations are observed at a majority of sites in both deposition 
and runoff/soil water quality. Increases in ANC (acid neutralising capacity) are also 
commonly observed. For NO3 the situation is more complex, with fewer decreasing 
trends in deposition and even some increasing trends in runoff/soil water.
Assessment of biological data using multivariate gradient analysis
The effect of pollutant deposition on natural vegetation, including both trees and 
understorey vegetation, is one of the central concerns in the impact assessment and 
prediction. The fi rst assessment of vegetation monitoring data at ICP IM sites with 
regards to N and S deposition was carried out by Liu (1996). Vegetation monitoring 
was found useful in refl ecting the effects of atmospheric deposition and soil water 
chemistry, especially regarding sulphur and nitrogen. The results suggested that 
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plants respond to N deposition more directly than to S deposition with respect to 
vegetation indices.
De Zwart (1998) carried out an exploratory multivariate statistical gradient analysis 
of possible causes underlying the aspect of forest damage at ICP IM sites. These 
results suggested that coniferous defoliation, discolouration and lifespan of needles 
in the diverse phenomena of forest damage are for respectively 18%, 42% and 55% 
explained by the combined action of ozone and acidifying sulphur and nitrogen 
compounds in air.
From the previous ordination exercises it was concluded that the applied statistical 
techniques are capable of revealing underlying structure and possible cause-effect 
relationships in complex ecological data, provided that analysed gradients have 
an adequate range to be interpolated. Since the data obtained were unexpectedly 
poor in the span of environmental gradients, the results of the presented statistical 
ordination only indicated correlative cause-effect relationships with a limited validity. 
The poor span of gradients could be attributed to the relative scarcity of biological 
effect data and the occurrence of missing observations both in the chemical and 
biological data sets. It was concluded, that the power of the vegetation monitoring 
in impact assessment would increase considerably with improvements in the ICP IM 
data reporting and inclusion of additional sites.
As a separate exercise, the epiphytic lichen fl ora of 25 European ICP IM monitoring 
sites, all situated in areas remote from local air pollution sources, was statistically 
related to measured levels of SO2 in air, NH4
+, NO3
– and SO4
2– in precipitation, annual 
bulk precipitation, and annual average temperature (van Herk et al. 2003, de Zwart 
et al. 2003). It was concluded that long distance transport of nitrogen air pollution is 
important in determining the occurrence of acidophytic lichen species, and constitutes 
a threat to natural populations that is strongly underestimated so far.
Dynamic modelling and assessment of the effects of emission/deposition 
scenarios
In a policy-oriented framework, dynamic models are needed to explore the temporal 
aspect of ecosystem protection and recovery. The critical load concept, used for defi ning 
the environmental protection levels, does not reveal the time scales of recovery. 
Dynamic models have been developed and used for the emission/deposition scenario 
assessment at selected ICP IM sites (e.g. Forsius et al. 1997, 1998a 1998b, Posch et 
al. 1997, Jenkins et al. 2003). These models are fl exible and can be adjusted for the 
assessment of alternative scenarios of policy importance. 
These modelling studies have shown, that the recovery of soil and water quality 
of the ecosystems is determined by both the amount and the time of implementation 
of emission reductions. According to the models, the timing of emission reductions 
determines the state of recovery over a short time scale (up to 30 years). The quicker 
the target level of reductions is achieved, the more rapidly the surface water and soil 
status recover. For the long-term response (> 30 years), the magnitude of emission 
reductions is more important than the timing of the reduction. The model simulations 
also indicate that N emission controls are very important to enable the maximum 
recovery in response to S emission reductions. Increased nitrogen leaching has the 
potential to not only offset the recovery predicted in response to S emission reductions 
but further to promote substantial deterioration in pH status of freshwaters and other 
N pollution problems in some areas of Europe.
At the 17th session of the Executive Body of the Convention in December 1999 the 
importance of the monitoring and dynamic modelling of recovery was underlined. 
ICP IM participates in a joint coordinated exercise on dynamic modelling together 
with other ICPs. UK is leading this modelling work in ICP IM. The work has strong 
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links to projects fi nanced by the Nordic Council of Ministers and the EU. Priority in 
the ICP IM work is given to site-specifi c modelling. The role of ICP IM in this activity 
is to provide detailed and consistent physical and chemical data and long time-series 
of observation for key sites against which model performance can be assessed and 
key uncertainties identifi ed (see Jenkins et al. 2003). 
Work is also on-going to predict potential climate change impacts on air pollution 
related processes at these sites. The large EU-project EURO-LIMPACS (www.
eurolimpacs.ucl.ac.uk, 2004-2009) is studying the global change impacts on freshwater 
ecosystems. The institutes involved in the project are using data collected at ICP IM and 
ICP Waters sites as key datasets for the modeling, time-series and experimental work of 
the project. A fi rst modeling assessment on the global change impacts on acidifi cation 
recovery has been carried out in the project (Wright et al. 2006). The results showed 
that climate/global change induced changes may clearly have a large impact on future 
acidifi cation recovery patterns, and need to be addressed if reliable future predictions 
are wanted (decadal time scale). However, the relative signifi cance of the different 
scenarios was to a large extent determined by site-specifi c characteristics. For example, 
changes in sea-salt deposition were only important at coastal sites and changes in 
decomposition of organic matter at sites which are already nitrogen saturated.
Pools and fl uxes of heavy metals
The work to assess concentrations, stores and fl uxes of heavy metals at ICP IM is led by 
Sweden. Preliminary results on concentrations, fl uxes and catchment retention have 
been reported to the Working Group on Effects (document EB.AIR/WG.1/2001/10). 
Considerable retention of Cd, Cu, Ni, Pb and Zn (80-95 % of total input) was observed 
at some sites with available detailed information. A scientifi c paper on the results will 
be fi nalised in 2006. The main fi ndings on heavy metals budgets and critical loads at 
ICP IM sites are presented in Section 3 of this report. In many national studies on ICP 
IM sites, detailed site-specifi c budget calculations of heavy metals (including mercury) 
have improved the scientifi c understanding of ecosystem processes, retention times 
and critical thresholds. ICP IM sites are also used for dynamic model development 
of these compounds.
Compilation of available information on cause-effect relationships of 
forest ecosystems
A report summarising available information from the ICP Forests and ICP IM 
programmes on cause-effect relationships of forest ecosystems has been prepared 
(de Vries et al. 2002). The results were also offi cially reported to the Working Group 
on Effects in 2002 (EB.AIR/WG.1/2002/15).
Future work 
•  Maintenance and development of a central ICP IM database at the 
Programme Centre.
•  Continued assessment of the long-term effects of air pollutants to support 
the implementation of emission reduction protocols, including:
 • Assessment of trends.
 • Calculation of ecosystem budgets, empirical deposition 
  thresholds and site-specifi c critical loads.
 • Dynamic modelling and scenario assessment.
 • Comparison of calculated critical load exceedances with observed
  ecosystem effects.
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• Calculation of pools and fl uxes of heavy metals at selected sites.
• Assessment of cause-effect relationships for biological data, particularly 
vegetation.
• Coordination of work and cooperation with other ICPs, particularly 
regarding dynamic modelling (all ICPs), cause-effect relationships in 
terrestrial systems (ICP Forests, ICP Vegetation), and surface waters (ICP 
Waters).
• Cooperation with external organisations and programmes, particularly 
Global Terrestrial Observing System (GTOS) and International Long Term 
Ecological Research Network (ILTER).
• Participation in projects with a global change perspective. Data from sites 
in the ICP IM network are currently used in the EU-projects ‘Integrated 
project to evaluate impacts of global change on European freshwater 
ecosystems (EURO-LIMPACS)’, and ‘A long-term Biodiversity, Ecosystem 
and Awareness Research Network (ALTER-Net)’.
•  Initiation of new assessment activities regarding global change impacts 
(e.g. Parr et al. 2002).
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1   ICP IM activities, monitoring sites and
     available data
1.1 
Review of the ICP IM activities in 2005-2006
Meetings
• Lars Lundin represented the ICP IM programme at the 21st ICP Forests Task Force 
meeting in Rome, Italy, 23-26 May 2005. The chairman presented activities within 
the ICP IM programme on heavy metals, dynamic modelling, and nutrient 
nitrogen loads.
• ICP IM was represented by several participants (including Martin Forsius 
and Lars Lundin) at the Acid Rain meeting in Prague, Czech Republic, 12-
17 June 2005. Several presentations were made including one on the ICP IM 
programme.
• Lars Lundin and Martin Forsius participated in the Extended Bureau of Working 
Group on Effects (WGE) meeting on 30 August, 2005 in Geneva. Main task was 
to prepare for the following WGE meeting 31 August- 2 September. In the WGE 
meeting the ICP IM programme activities were presented as well as an offi cial 
document regarding dynamic modelling results (climate change impacts on 
acidifi cation recovery processes).
• Martin Forsius took part in the EU/EURO-LIMPACS meeting held in Athens, 
Greece, 5-9 September 2005.  
• Martin Forsius represented the ICP IM programme at the 21st Task Force meeting 
of the ICP Waters programme 17-19 October 2005 in Tallinn, Estonia.
• ICP IM was represented by Lage Bringmark at the 2nd Meeting of the Expert Panel 
on Critical Loads of Heavy Metals 23-25 January 2006 in Berlin, Germany.
• Lars Lundin and Martin Forsius participated in the Extended Bureau meeting 
of the Working Group on Effects 1-3 March 2006 and the joint EMEP and WGE 
meeting on 2 March, in Geneva. 
• Maria Holmberg represented ICP IM at the Task Force meeting of ICP Modelling 
and Mapping, 6-7 April 2006 in Bled, Slovenia.
• The fourteenth meeting of the Programme Task Force on ICP Integrated 
Monitoring was organised in Riga, Latvia, 27 April, 2006. A one-day workshop 
on the assessment of ICP IM data was held prior to the Task Force meeting on 
26 May.
Projects, data issues
• Data from both ICP IM and the EU/ICP Forests Intensive Monitoring Programme 
were used in the EU-project CNTER (Carbon and nitrogen interactions in forest 
ecosystems, www.fl ec.kvl.dk/cnter). The work started in May 2001 and the fi nal 
reporting was carried out during 2005. The project was of strategic importance 
because it allowed the use of ICP IM data in relation to global change issues 
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(C-sequestration). Project results were presented in the ICP Forests Executive 
Report 2005. Final manuscripts of the project are still being written.
•  Data from sites in the ICP IM network are also used in the EU-projects ‘Integrated 
project to evaluate impacts of global change on European freshwater ecosystems 
(EURO-LIMPACS, www.eurolimpacs.ucl.ac.uk)’, and ‘A long-term biodiversity, 
ecosystem and awareness research network (ALTER-Net, 
 www.alter- net.info)’.
•  After December 1st 2005 the National Focal Points (NFPs) reported their 2004 
results to the IM Programme Centre. The Programme Centre carried out standard 
check up of the results and incorporated them into the IM database.
•  Laboratories participating in the ICP IM Programme took part in the 
intercomparison test organised by ICP Waters. 
Scientifi c work in priority topics
Scientifi c work regarding four priority topics has continued:
•  Calculation of pools and fl uxes of heavy metals and relations to critical limits 
and risk assessment (led by Sweden). An offi cial document will be produced for 
the WGE meeting in 2006 on main fi ndings on heavy metal budgets and critical 
loads at ICP IM sites. Results were also presented at the Task Force meeting 
in 2006 (see also Section 3 of this report). A scientifi c paper will be fi nalised in 
2006.
• Dynamic modelling (led by CEH in UK in cooperation with the Programme 
Centre and NIVA, Norway). This work has strong links to projects fi nanced by 
the EU. ICP IM participates in a joint coordinated exercise on dynamic modelling 
together with other ICPs (Joint Expert Group on Dynamic Modelling, JEG DM). 
Priority in the ICP IM work is given to site-specifi c modelling activities. A scientifi c 
paper based on the fi rst results from site-specifi c dynamic modelling on climate 
change impacts on acidifi cation recovery (with ICP Waters, based on EURO-
LIMPACS results) has been prepared (Wright et al. 2006). An offi cial document on 
the fi rst results was presented to the WGE in 2005. The use of dynamic modelling 
forecasts to derive future target loads for N and S in atmospheric deposition is 
presented in Section 4 of this report (Hutchins and Jenkins). A report of links 
between fi eld observations and critical loads (together with ICP W and ICP 
M&M) is planned and will be presented at the WGE meeting 2007. This report 
will contribute to the planned revision process of the Gothenburg Protocol.
• Assessment of cause-effects relationships for biological data, particularly 
vegetation was earlier led by The Netherlands. The new contact appointed by 
ICP IM Task Force in 2004 is the NFP of Italy in collaboration with the NFP of 
Austria (in collaboration with ICP Forests Intensive Monitoring). 
• Calculation of fl uxes and trends of N and S compounds, base cations and acidity 
(led by the Programme Centre). Priority is given to calculation of proton budgets, 
N processes and budgets and C/N interactions. Work on proton and N budgets 
was published in 2005 (Dise et al. 2005, Forsius et al. 2005). Updated results from 
the trend analyses on observed concentrations/fl uxes were presented at the Task 
Force meeting 2006 (see also Section 2 of this report). A more comprehensive 
assessment on N budgets and C/N interactions is planned for 2007.
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Reports
ICP IM will produce the following reports to the meeting of Working Group on Effects 
September 2006.
•  15th ICP IM Annual Report 2006
•  Offi cial WGE-document: Main fi ndings on heavy metal budgets and critical 
loads at ICP IM sites
•  Contribution to Joint Report of the ICPs
1.2 
Activities and tasks planned for 2006-2007
Activities/tasks related to the programme’s present objectives, carried out 
in close collaboration with other ICPs/ Task Force 
• Maintenance and development of central ICP IM database at the Programme 
Centre.
• Finalisation of a scientifi c paper and an offi cial document on heavy metals 
(2006).
• Preparation of a report of links between fi eld observations and critical loads 
(together with ICP W and ICP M&M) (2006/2007).
• Arrangement of workshop on confounding factors in long-term trends of 
acidifi cation (with ICP Waters, in cooperation with the EURO-LIMPACS project). 
Preparation of workshop proceedings. The workshop will be held back-to-back 
with the ICP Waters Task Force meeting (October 2006).
• Preparation of a report on N effects and C/N interactions (2007).
• Continued work on site-specifi c dynamic modelling and target load functions.
• Arrangement of ICP IM workshop and the 15th Task Force meeting (2007).
• Preparation of the 16th ICP IM annual report (2007).
• Participation in meetings of the WGE, other ICPs and the JEG DM.
Activities/tasks aimed at further development of the programme 
• Participation in the activities of external organisations, particularly Global 
Terrestrial Observing System (GTOS) and the International Long Term Ecological 
Research Network (ILTER).
• Participation in the EU-projects EURO-LIMPACS and ALTER-Net.
• Development of new assessment activities regarding the air pollution and 
climate change interactions in ecosystems, particularly carbon, nitrogen and 
C/N interactions.
1.3 
Published reports and articles 2005-2006
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1.4 
Monitoring sites and data
The following eighteen countries have continued data submission to the ICP IM 
data base during the 1999 - 2005 period: Austria, Belarus, Canada, Czech Republic, 
Denmark, Estonia, Finland, Germany, Iceland, Italy, Latvia, Lithuania, Netherlands, 
Norway, Portugal, Russian Federation, Sweden, and United Kingdom. Netherlands 
has discontinued monitoring but has reported data for 1999. Denmark has discontinued 
monitoring, but has reported data from year 2002. 
Presently the number of ICP IM sites with on-going data submission is about 50, 
most of the sites are European. An overview of the data reported internationally 
to the ICP IM database is given in Table 1.1. Additional earlier reported data are 
available from sites outside those presented in Figure 1.1. These sites have either been 
suspended or taken out of the IM network and used for regional monitoring. Location 
of the IM monitoring sites with data from recent years are shown in Figure 1.1.
Figure 1.1 Geographical location of ICP IM sites with data from recent years.
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1.5 
National Focal Points (NFPs) and contact persons for 
ICP IM sites
AT / Austria
NFP: Michael Mirtl
Federal Environment Agency
Spittelauer Lände 5 
A-1090 Vienna, AUSTRIA 
e-mail:mirtl@ubavie.gv.at
BY/ Belarus
NFP: Anatoly Srybny
Berezinsky Biosphere Reserve 
P.O. Domzheritzy, Lepel District 
Vitebskaya oblast, 211188, BELARUS
e-mail: srybny@tut.by 
CA / Canada
Contact for site CA01: Dean S. Jeffries
National Water Research Institute
Canada Centre for Inland Waters
867 Lakeshore Road, P.O. Box 5050
Burlington, Ontario L7R 4A6, CANADA
e-mail: dean.jeffries@ec.gc.ca
Rock Ouimet 
Direction de la recherche forestiere 
Forest Quebec
Ministère des Resources naturelles du Quebec
2700 rue Einstein 
Sainte-Foy, Québec, G1P 3W8, CANADA
e-mail: rock.ouimet@mrn.gouv.qc.ca
Fred Conway 
Environment Canada
4905 Dufferin St., Downsview
Ontario M3H 5T4, CANADA
e-mail: fred.conway@ec.gc.ca
CH / Switzerland 
NFP: Norbert Kraeuchi 
Forest Ecosystems and Ecological Risks 
Division
Swiss Federal Institute for Forest, 
Snow and Landscape Research (WSL)
Zürcherstr. 111, CH-8903 Birmensdorf
SWITZERLAND
e-mail: kraeuchi@wsl.ch
CZ / Czech Republic 
NFP and contact for site CZ01: Milan Váňa
Czech Hydrometeorological Institute 
Observatory Košetice 
CZ-394 22 Košetice, CZECH REPUBLIC
e-mail: vanam@chmi.cz
Contact for site CZ02: Pavel Krám
Czech Geological Survey
Department of Geochemistry
Klarov 3, 118 21 Prague 1
CZECH REPUBLIC
e-mail: kram@cgu.cz
DE / Germany
NFP: Helga Dieffenbach-Fries and 
Rüdiger Hofmann 
Federal Environment Agency 
Paul-Ehrlich-Straße 29, D-63225 Langen
GERMANY
e-mail: helga.fries@uba.de 
e-mail: ruediger.hofmann@uba.de
DK / Denmark
Contact for sites DK01 and DK03:
Knud Erik Nielsen 
National Environmental Research Institute 
P.O.Box 314, DK-8600 Silkeborg, DENMARK
e-mail:ken@dmu.dk
DK/Faroe Islands
Contact for site DK02:
Maria Dam 
Food and Environment Agency 
Debesartrod, FR- 100 Torshavn
FAROE ISLANDS 
e-mail: mariadam@hfs.fo
EE / Estonia 
NFP: Reet Talkop
Ministry of the Environment
Environmental Management and Technology 
Department
Toompuiestee 24, 15172 Tallinn, ESTONIA
e-mail: reet.talkop@ekm.envir.ee
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FI / Finland
Sirpa Kleemola
Finnish Environment Institute 
P.O. Box 140, FIN-00251 Helsinki, FINLAND
e-mail: sirpa.kleemola@ymparisto.fi 
GB / United Kingdom
NFP: Muriel Bonjean
Centre for Ecology and Hydrology (CEH) 
Maclean Building
Growmarsh Gifford
Wallingford, Oxfordshire, OX10 8BB
UNITED KINGDOM 
e-mail: mbon@ceh.ac.uk
IC / Iceland
NFP: Hlynur Óskarsson
Agricultural University of Iceland
Keldnaholt 
IS-112 Reykjavik, ICELAND
e-mail: hlynur@lbhi.is
IT/ Italy 
NFP: Bruno Petriccione 
CONECOFOR Offi ce 
National Forest Service (Div. IV)
Via Carducci 5, I-00187 Rome, ITALY
e-mail:b.petriccione@corpoforestale.it
Contact for Alpine sites IT01, 02: 
Dr. Stefano Minerbi 
Uffi cio Servizi Generali Forestari 
Via Brennero 6, I-39100 Bolzano, ITALY
e-mail: stefano.minerbi@provinz.bz.it
Contact for Alpine sites IT03, 04: 
Dr. Paolo Ambrosi 
Institute of San Michele all’Adige
Via E. Mach, 2, 
I-38010 San Michele all’Adige, Trento, ITALY
e-mail: paolo.ambrosi@ismaa.it
LT / Lithuania
NFP: Algirdas Augustaitis 
Forest Monitoring Laboratory
Lithuanian University of Agriculture
Studentu 13, Kaunas distr., LT-53362
LITHUANIA
e-mail: august@nora.lzua.lt
LV / Latvia
NFP:  Iraida Lyulko 
Latvian Environment, Geology and Metorology 
Agency
Observational Network Department
165 Maskavas Str., LV-1019 Riga, LATVIA 
e-mail:epoc@meteo.lv
NL / The Netherlands
Contact person for NL01: 
Dick de Zwart
RIVM/ECO 
P.O. Box 1, NL- 3720 BA Bilthoven 
THE NETHERLANDS
e-mail: D.de.Zwart@rivm.nl
NO / Norway
NFP: Wenche Aas 
Norwegian Institute for Air Research
NILU 
P.O.Box 100, N-2027 Kjeller, NORWAY 
e-mail: wenche.aas@nilu.no
PT / Portugal
NFP: Aida Silva 
Dir-Ger da Qualidade do Ambiente 
Secretaria de Estado do Ambiente e Recursos 
Naturais
Ministério do Planeamento e da Administraçao 
do Territorio
Apartado 85, 7501 Santo Andre Codex
PORTUGAL
e-mail: maria.campos@drarn-a.pt
RU / Russia
NFP: Anne Kukhta
Institute of Global Climate and Ecology
Glebovskaya Street 20-b, 107258 Moscow
RUSSIA 
e-mail: bakoukhta@promiranet.ru or
bakoukhta@mtu-net.ru 
SE / Sweden
NFP: Lars Lundin 
Swedish University of Agricultural Sciences 
Department of Environmental Assessment
P.O.Box 7050, S-75007 Uppsala, SWEDEN 
e-mail: lars.lundin@ma.slu.se
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2   Trend assessment of bulk deposition,
     throughfall and runoff water/soil water
     chemistry at ICP IM sites 
Sirpa Kleemola and Martin Forsius
ICP IM Programme Centre
Finnish Environment Institute (SYKE), Helsinki, Finland
e-mail: sirpa.kleemola@ymparisto.fi , martin.forsius@ymparisto.fi 
2.1 
Introduction
Due to the implementation of successful emission reduction measures, emissions of 
SOx , NOx and NH3 in Europe have declined by 67, 24 and 20%, respectively, between 
the years 1980 and 2000 (EMEP 2004). The protocols of the Convention on Long-
range Transboundary Air Pollution (UNECE LRTAP Convention) and legislation of 
the European Union have been key international instruments causing this positive 
development. Implementing a European air pollution reduction policy is costly. For 
example, integrated assessment model studies estimate a total cost of approximately 
59 billion € per year to further reduce European S, N and volatile organic carbon 
(VOC) emissions to below 1990 levels by 2010 (Amann et al. 2000).This would result 
in signifi cant cuts in emissions of SOx (75%), NOx (50%), NH3 (15%) and VOC (53%) in 
the EU-countries, compared to 1990. It is, therefore, essential that scientifi c evidence is 
available for assessing the success of international emission reduction policy as well 
as the ecosystem benefi ts of these large investments.
First results from a trend analysis of monthly ICP IM data on bulk and throughfall 
deposition as well as runoff water chemistry were presented in Vuorenmaa (1997). ICP 
IM data on water chemistry have also been used for a trend analysis carried out by 
the ICP Waters and presented in the Nine Year Report of the programme (Lükewille et 
al. 1997). More recent calculations on the trends of N and S compounds, base cations 
and hydrogen ions for 22 ICP IM sites were presented in Forsius et al. (2001) based 
mostly on data from the period 1998/99 – 1998.
As additional data from the ICP IM network has become available, it was agreed 
at the ICP IM Task Force meeting in 2004 that a new trend analysis should be carried 
out. The fi rst preliminary results from this exercise were presented in the 14th Annual 
Report (Kleemola 2005) and the updated results are presented in this section.
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2.2 
Material and methods
2.2.1 
Data 
Monthly concentrations and fl uxes for bulk deposition (PC), throughfall deposition 
(TF) and runoff water (RW) or soil water (SW, if no RW data was available) were used 
in the trend assessment for the individual ICP IM sites. Bulk deposition, throughfall 
deposition and output (runoff) fl uxes were calculated from the quality and quantity 
of water using mean monthly values for water fl uxes and chemical analyses. 
The length of record varies between sites reported to the ICP IM data base, some 
records start already in 1988, some as late as late 90’s. The preliminary assessment 
(Kleemola 2005) was performed using data from the start of the reporting period up 
to the end of year 2003. In order to make a meaningful comparison between sites, 
period 1993- 2003 was chosen for fi nal calculations. Time series with a minimum of 
fi ve years monthly data were accepted for the statistical analyses. For sites with long 
time series trends for the entire measuring period were also analysed. 
Trends were evaluated for non-marine (* denotes non-marine fraction) SO4* and 
(Ca+Mg)*, H+, NO3, and ANC (acid neutralising capacity). NH4 was also included but 
the results are not presented due to the limited number of sites with available data. 
ANC was calculated as Σ (base cations) – Σ (acid ions) equal to Σ (Ca + Mg + Na + K 
+ NH4) - Σ(SO4 + NO3 + Cl), where units are μeq/l. Also alkalinity, DOC/TOC and 
NTOT were included in the analyses where available, but suffi cient amount of data 
were available only for alkalinity in runoff water chemistry. 
Forty-three sites had enough data at least for bulk deposition to perform the trend 
analysis (Figure 2.1, Table 2.1). Out of these sites thirty-four sites had suffi cient data for 
throughfall. From fi ve sites two separate plots with different dominant species were 
included in the analysis adding the total number of throughfall plots to thirty-nine 
(Table 2.2). Twenty-eight sites had either Picea abies or Pinus sylvestris as the dominant 
species for the whole site or for at least one throughfall measurement plot. Thirty-three 
sites had data for either runoff water or soil water (Table 2.3).
Average yearly fl uxes were also calculated as the average of last fi ve years with 
available data (normally 1999-2003) in order to reduce yearly variability (Tables 2.4-
2.6).
2.2.2 
Statistics
At each site trends in chemical parameters and fl uxes outlined above were analysed 
using the non-parametric Seasonal Kendall test (Hirsch et al. 1982) applied to monthly 
data. The SKT has become a standard method for detecting site-specifi c trends in 
water quality data, largely because it can accommodate the non-normality, missing 
data, and seasonality that are common in data of this type, but is nevertheless a 
powerful (in a statistical sense) trend test (Loftis and Taylor 1989). 
The magnitude of trend was estimated by the slope estimation method (Sen 1968), 
which estimates the slope by calculating the median of all between-year differences in 
the variable of interest. The unit of the slope estimate is μeq l-1 yr-1. For the analysed 
parameters, a calculated positive value of test statistics S indicates an increasing slope 
(increasing values with time), and a negative value indicates a decreasing slope. A 
statistical signifi cance threshold of p < 0.05 was applied to the trend analysis. i.e 
providing at least 95 % confi dence that the detected trend was signifi cantly different 
from a zero trend.
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2.3 
Results
Increasing and decreasing slopes for statistically signifi cant (p<0.05) trends for SO4*, 
(Ca+Mg)* , NO3, H
+ concentrations and ANC analysed in precipitation chemistry (PC) 
(Figure 2.2 a-e), throughfall (TF) (results presented only for sites/ measurement plots 
where dominant species is Picea abies or Pinus sylvestris) (Figure 2.3 a-e) and runoff 
water chemistry (RW) or soil water chemistry (Figure 2.4 a-e) are presented in the 
following graphs. The slope estimates and signifi cance levels (* p<0.05, ** p<0.01, *** 
p<0.001) are given in tables 2.1, 2.2 and 2.3 for PC, TF and RW/SW respectively. Average 
yearly fl uxes calculated from the last fi ve year period with data (normally 1999-2003) 
are presented in tables 2.4, 2.5 and 2.6 for PC, TF and RW/SW respectively.
Figure 2.1 Location of ICP IM sites included in the trend analysis.
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Figure 2.2a Increasing and decreasing slopes (triangles indicating the direction) for statistically signifi cant (p<0.05) trends 
for SO4* concentrations in precipitation chemistry.
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Figure 2.2b Increasing and decreasing slopes (triangles indicating the direction) for statistically signifi cant (p<0.05) 
trends for (Ca+Mg)* concentrations in precipitation chemistry. 
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Figure 2.2c Increasing and decreasing slopes (triangles indicating the direction) for statistically signifi cant (p<0.05) trends 
for NO3 concentrations in precipitation chemistry.
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Figure 2.2d Increasing and decreasing slopes (triangles indicating the direction) for statistically signifi cant (p<0.05) trends 
for H+ concentrations in precipitation chemistry.
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Figure 2.2e Increasing and decreasing slopes (triangles indicating the direction) for statistically signifi cant (p<0.05) trends 
for ANC in precipitation chemistry.
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Figure 2.3a Increasing and decreasing slopes (triangles indicating the direction) for statistically signifi cant (p<0.05) 
trends for SO4* concentrations in throughfall chemistry for sites/measurement plots where dominant species is either 
Picea abies or Pinus sylvestris. 
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Figure 2.3b Increasing and decreasing slopes (triangles indicating the direction) for statistically signifi cant (p<0.05) 
trends for (Ca+Mg)* concentrations in throughfall chemistry for sites/measurement plots where dominant species is 
either Picea abies or Pinus sylvestris. 
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Figure 2.3c Increasing and decreasing slopes (triangles indicating the direction) for statistically signifi cant (p<0.05) 
trends for NO3 concentrations in throughfall chemistry for sites/measurement plots where dominant species is either 
Picea abies or Pinus sylvestris.  
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Figure 2.3d Increasing and decreasing slopes (triangles indicating the direction) for statistically signifi cant (p<0.05) 
trends for H+ concentrations in throughfall chemistry for sites/measurement plots where dominant species is either 
Picea abies or Pinus sylvestris.  
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Figure 2.3e Increasing and decreasing slopes (triangles indicating the direction) for statistically signifi cant (p<0.05) 
trends for ANC in throughfall chemistry for sites/measurement plots where dominant species is either Picea abies or 
Pinus sylvestris.  
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Figure 2.4a Increasing and decreasing slopes (triangles indicating the direction) for statistically signifi cant (p<0.05) 
trends for SO4* concentrations in runoff water or soil water chemistry.
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Figure 2.4b Increasing and decreasing slopes (triangles indicating the direction) for statistically signifi cant (p<0.05) 
trends for (Ca+Mg)* concentrations in runoff water or soil water chemistry.
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Figure 2.4c Increasing and decreasing slopes (triangles indicating the direction) for statistically signifi cant (p<0.05) 
trends for NO3 concentrations in runoff water or soil water chemistry.
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Figure 2.4d Increasing and decreasing slopes (triangles indicating the direction) for statistically signifi cant (p<0.05) 
trends for H+ concentrations in runoff water or soil water chemistry.
39The Finnish Environment  30 | 2006
Figure 2.4e Increasing and decreasing slopes (triangles indicating the direction) for statistically signifi cant (p<0.05) 
trends for ANC in runoff water or soil water chemistry.
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Table 2.1 Estimated trends for bulk precipitation chemistry (PC) concentrations and fl uxes. Signifi cance levels (* p<0.05, 
** p<0.01, *** p<0.001) and slopes for statistically signifi cant trends are shown (n.s.t = no signifi cant trend). Trend 
directions (+ or -) and the rate of change are expressed as meq m-2 yr-1 (fl uxes) and μeq l-1 yr-1 (concentrations).
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s 
ro
bu
r
19
93
-19
99
n.
s.t
n.s
.t
n.
s.t
n.s
.t
-10
.90
*
-0
.83
**
*
-2
.13
**
*
-2
.13
**
*
-3
0.6
6
**
-1.
99
**
*
NO
01
TF
Pi
ce
a 
ab
ies
19
93
-2
00
3
-3
.02
**
*
n.
s.t
-0
.82
*
n.s
.t
n.
s.t
n.s
.t
-3
.08
**
*
n.
s.t
5.2
7
**
*
0.4
1
**
*
NO
02
TF
Pi
nu
s 
sy
lve
str
is
19
93
-2
00
3
-0
.44
**
*
-0
.03
**
-0
.18
*
n.s
.t
n.
s.t
n.s
.t
-0
.56
**
*
n.
s.t
1.9
5
**
*
0.1
4
**
*
PT
01
TF
RU
04
TF
RU
15
TF
Pi
ce
a 
ab
ies
19
93
-2
00
0
n.
s.t
n.
s.t
n.
s.t
RU
18
TF
Pi
nu
s 
sy
lve
str
is
19
93
-19
97
n.
s.t
n.
s.t
-6
.89
**
-5
.20
*
n.
s.t
SE
04
TF
Pi
ce
a 
ab
ies
19
93
-2
00
3
-5
.13
**
*
-0
.29
**
*
n.
s.t
n.s
.t
n.
s.t
n.s
.t
-3
.79
**
*
-0
.20
**
*
10
.62
**
*
0.4
5
**
*
SE
14
TF
Pi
ce
a 
ab
ies
19
96
-2
00
3
-2
.97
**
*
-0
.11
*
n.
s.t
n.s
.t
n.
s.t
n.s
.t
-2
.46
**
*
-0
.08
**
*
4.5
5
**
n.
s.t
SE
15
TF
Pi
ce
a 
ab
ies
19
96
-2
00
3
-2
.05
*
n.
s.t
n.s
.t
n.
s.t
n.s
.t
n.
s.t
-1.
38
**
*
-0
.05
*
4.0
4
**
*
0.1
4
**
SE
16
TF
Pi
ce
a 
ab
ies
19
99
-2
00
3
n.
s.t
n.
s.t
n.
s.t
n.
s.t
n.
s.t
n.
s.t
n.
s.t
n.
s.t
n.
s.t
n.
s.t
Table 2.2 Estimated trends for throughfall chemistry (TF) concentrations and fl uxes. Signifi cance levels (* p<0.05, ** p<0.01, *** 
p<0.001) and slopes for statistically signifi cant trends are shown (n.s.t = no signifi cant trend). Trend directions (+ or -) and the rate of 
change are expressed as meq m-2 yr-1 (fl uxes) and μeq l-1 yr-1 (concentrations).
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Area code
Sub- 
programme
Period
SO4* change
(μeq l-1 yr-1)
p
SO4*_fl ux 
change 
(meq m-2 yr-1)
p
NO3 change
(μeq l-1 yr-1)
p
NO3_fl ux 
change 
(meq m-2 yr-1)
p
(Ca+Mg)* 
change 
(μeq l-1 yr-1)
p
(Ca+Mg)*_fl ux 
change 
(meq m-2 yr-1)
p
H+change
(μeq l-1 yr-1)
p
H+_fl ux 
change 
(meq m-2 yr-1)
p
ANC change 
(μeq l-1 yr-1)
p
ANC_fl ux 
change 
(meq m-2 yr-1)
p
AT
01
RW
19
95
-2
00
3
-3
.40
**
*
n.
s.t
31
.31
*
n.s
.t
36
.04
**
BY
02
RW
19
95
-2
00
3
17
.19
*
n.
s.t
n.
s.t
-0
.21
**
n.
s.t
n.
s.t
0.0
0
**
*
n.
s.t
n.
s.t
n.
s.t
CA
01
RW
19
93
-2
00
3
n.
s.t
n.
s.t
n.
s.t
n.
s.t
-0
.62
*
n.
s.t
n.
s.t
n.
s.t
-0
.88
*
-0
.06
*
CZ
01
RW
19
93
-2
00
3
44
.78
**
*
n.
s.t
-4
.76
**
*
-0
.01
*
38
.27
**
*
38
.27
**
*
n.
s.t
n.s
.t
n.
s.t
n.s
.t
DE
01
RW
19
93
-2
00
3
-2
.55
**
*
n.
s.t
9.1
8
**
*
0.5
7
**
*
3.8
1
**
*
0.3
4
*
-0
.01
*
n.s
.t
-2
.95
*
n.
s.t
DE
02
SW
19
98
-2
00
3
n.
s.t
n.
s.t
n.
s.t
n.
s.t
DK
01
SW
19
94
-2
00
2
-7.
01
**
n.
s.t
n.
s.t
-3
.74
**
8.6
1
**
DK
03
SW
19
93
-2
00
0
-18
.49
**
*
6.8
7
**
*
-8
.41
*
7.5
5
**
-17
.23
*
EE
01
SW
19
94
-2
00
3
-11
.66
*
n.
s.t
-74
.40
**
0.4
1
*
n.
s.t
EE
02
RW
19
94
-2
00
3
n.
s.t
n.
s.t
n.
s.t
n.
s.t
n.
s.t
n.
s.t
n.
s.t
n.
s.t
n.
s.t
n.
s.t
FI0
1
RW
19
93
-2
00
3
n.
s.t
n.
s.t
n.
s.t
0.0
0
*
-1.
42
**
n.
s.t
n.
s.t
n.
s.t
n.
s.t
n.
s.t
FI0
3
RW
19
93
-2
00
3
-1.
03
**
*
-0
.06
**
*
-0
.04
**
*
0.0
0
**
*
1.2
4
**
*
-0
.09
**
n.
s.t
0.0
0
**
*
2.6
8
**
*
-0
.08
*
FI0
4
RW
19
93
-2
00
3
-1.
29
**
*
-0
.04
**
5.6
3
**
*
n.
s.t
7.0
4
**
*
FI0
5
RW
19
93
-2
00
3
-1.
15
**
*
-0
.06
**
*
n.
s.t
n.s
.t
n.
s.t
GB
01
RW
19
93
-2
00
3
n.
s.t
n.
s.t
n.
s.t
0.0
1
*
n.
s.t
n.
s.t
n.
s.t
n.
s.t
n.
s.t
GB
02
RW
19
93
-2
00
3
-2
.31
**
*
n.
s.t
0.7
1
**
*
0.1
2
*
n.s
.t
n.
s.t
n.s
.t
n.
s.t
2.0
7
**
n.s
.t
IE0
1
SW
19
93
-19
98
n.
s.t
n.
s.t
n.
s.t
-15
.3
**
*
n.
s.t
IS0
1
RW
19
97
-2
00
1
n.
s.t
n.
s.t
n.
s.t
n.
s.t
IT0
1
SW
19
93
-2
00
3
-2
.24
**
n.
s.t
n.
s.t
n.
s.t
n.
s.t
IT0
2
SW
19
93
-2
00
3
n.
s.t
n.
s.t
n.
s.t
n.
s.t
**
n.
s.t
IT0
3
IT0
6
IT0
7
IT0
8
IT0
9
IT1
0
IT1
2
LT
01
RW
19
93
-2
00
3
-6
4.5
3
**
*
-0
.37
*
-1.
01
**
*
n.
s.t
-4
2.6
6
**
*
n.
s.t
0.0
0
**
*
n.
s.t
-0
.59
*
LT
02
RW
19
93
-19
99
n.
s.t
-2
.86
*
n.
s.t
n.
s.t
n.
s.t
LT
03
RW
19
96
-2
00
3
n.s
.t
0.7
1
**
*
n.
s.t
0.0
1
*
-9
3.8
0
**
1.0
2
**
n.
s.t
n.s
.t
-10
5.8
2
**
*
n.
s.t
LV
01
RW
19
93
-2
00
3
-11
.51
**
-0
.62
**
*
0.5
7
*
n.
s.t
n.
s.t
-2
.08
**
n.
s.t
n.
s.t
n.
s.t
-1.
68
*
LV
02
RW
19
93
-2
00
3
-2
5.2
7
**
*
-0
.90
**
*
-0
.24
**
-0
.01
*
n.s
.t
-2
.8
4
**
0.0
0
*
n.
s.t
n.s
.t
-2
.51
*
NL
01
NO
01
RW
19
93
-2
00
3
-4
.92
**
*
n.
s.t
0.2
9
**
*
0.0
2
*
-1.
54
**
*
n.
s.t
-1.
10
**
*
n.
s.t
3.8
7
**
*
0.1
4
**
*
NO
02
RW
19
93
-2
00
3
-0
.26
**
*
n.
s.t
0.0
3
**
0.0
1
**
*
0.6
4
**
*
0.0
8
*
-0
.01
**
n.
s.t
1.6
1
**
*
0.1
4
**
*
PT
01
RW
19
95
-2
00
1
n.
s.t
n.
s.t
n.
s.t
n.
s.t
n.
s.t
RU
04
RU
15
RW
19
93
-2
00
0
n.
s.t
n.
s.t
-1.
11
**
*
-0
.01
*
n.
s.t
n.
s.t
n.
s.t
n.
s.t
RU
18
SE
04
RW
19
93
-2
00
3
-16
.55
**
*
-0
.24
**
0.0
8
**
*
0.0
0
**
-3
.59
**
*
n.
s.t
-2
.43
**
*
n.
s.t
14
.17
**
*
0.3
2
**
*
SE
14
RW
19
96
-2
00
3
-9.
28
**
*
-0
.33
**
n.s
.t
n.
s.t
-7.
76
**
*
-0
.34
**
-1.
53
**
*
-0
.08
**
5.9
7
**
*
n.
s.t
SE
15
RW
19
96
-2
00
3
-11
.40
**
*
n.
s.t
n.s
.t
n.
s.t
-3
.52
**
*
n.
s.t
-1.
09
**
*
n.
s.t
7.2
5
**
*
0.1
4
**
SE
16
RW
19
99
-2
00
3
n.
s.t
-0
.08
*
n.
s.t
n.
s.t
4.3
1
**
n.
s.t
n.
s.t
n.
s.t
6.0
2
**
*
-0
.11
*
Table 2.3 Estimated trends for runoff/soil water chemistry (RW/SW) concentrations and fl uxes. Signifi cance levels 
(* p<0.05, ** p<0.01, *** p<0.001) and slopes for statistically signifi cant trends are shown (n.s.t = no signifi cant trend). 
Trend directions (+ or -) and the rate of change are expressed as meq m-2 yr-1 (fl uxes) and μeq l-1 yr-1 (concentrations).
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Area code Sub-
programme
Bulk/Wet 
sampling
Precipitation 
amount (mm)
SO4*
(meq m-2 yr-1)
(Ca+Mg)* 
(meq m-2 yr-1)
NO3
(meq m-2 yr-1)
H+ 
(meq m-2 yr-1)
ANC 
(meq m-2 yr-1)
Comment
AT01 PC BULK 1559.6 35.09 41.54 44.20 14.46 25.37
BY02 PC WET 623.8 26.59 23.36 10.82 5.39 1.41
CA01 PC BULK 1189.4 43.32 19.83 36.73 30.17 -21.37
CZ01 PC BULK 640.7 27.30 20.03 28.78 7.93 4.49
DE01 PC BULK 1326.2 27.09 19.56 34.75 26.23 0.43
DE02 PC BULK 547.9 20.84 14.61 21.68 10.90 0.70
DK01 PC BULK 1141.5 42.85 9.13 41.62 11.23 -11.62
DK03 PC BULK 823.8 30.33 8.68 26.37 10.04 5.68
EE01 PC BULK 488.9 16.83 9.20 12.55 8.67 -4.33
EE02 PC BULK 691.9 22.28 59.40 15.03 4.52 47.98
FI01 PC BULK 620.2 12.96 4.17 11.54 12.90 -10.76
FI03 PC BULK 562.0 10.38 3.81 8.81 11.32 -8.98
FI04 PC BULK 441.7 5.88 1.32 4.68 8.10 -6.21
FI05 PC BULK 406.5 4.80 1.24 2.85 5.83 -3.90
GB01 PC BULK 1011.3 11.52 7.92 12.27 16.45 -8.38
GB02 PC BULK 2647.2 34.50 20.79 27.58 27.67 11.11
IE01 DC BULK 1270.6 17.65 3.95 9.94 15.43 -28.37
IS01 PC BULK 853.3 4.72 3.25 11.29 12.45
IT01 PC BULK 991.6 24.54 36.47 25.89 4.86 21.15
IT02 PC BULK 844.6 23.36 42.06 26.05 4.91 19.43
IT03 PC BULK 992.3 26.06 59.24 22.23 1.36 46.85
IT06 PC BULK 1543.8 59.51 84.10 29.64 15.51 42.08
IT07 PC BULK 859.5 40.31 50.92 41.72 3.40 30.71
IT08 PC BULK 1605.9 49.69 77.49 53.66 12.83 28.64
IT09 PC BULK 890.1 33.37 74.21 27.36 3.22 42.11
IT10 PC BULK 1974.0 54.16 94.65 44.40 11.43 53.17
IT12 PC BULK 1081.6 43.60 88.69 26.14 8.72 62.27
LT01 PC BULK 821.7 27.68 24.91 4.33 1.15 ANC-Mg
LT02 PC BULK 481.7 34.34 17.39 10.76 -4.66 ANC-Mg
LT03 PC BULK 785.5 36.08 37.19 9.58 -7.71 ANC-Mg
LV01 PC BULK 769.8 23.40 10.47 27.18 22.87 -18.47
LV02 PC BULK 687.2 20.30 27.87 20.69 5.70 12.32
NL01 PC BULK 852.8 36.85 9.66 42.21 27.30 -26.35
NO01 PC BULK 1762.0 45.96 5.40 53.71 43.43 -44.84
NO02 PC BULK 1406.6 7.81 2.63 6.44 8.01 -0.31
PT01 PC BULK 785.1 19.21 22.12 13.21 4.95 -0.60
RU04 PC BULK 645.3 23.84 17.46 9.99 4.99 2.90
RU15 PC BULK 725.3 47.16 86.39 10.35 82.61
RU18 PC BULK 547.7 15.42 4.56 7.56 11.53 -13.36
SE04 PC BULK 1182.6 30.24 9.41 36.80 26.35 -9.37
SE14 PC BULK 948.0 25.07 7.45 31.51 23.33 -17.83
SE15 PC BULK 919.2 21.44 6.35 21.52 20.16 -13.57
SE16 PC BULK 752.4 13.30 5.35 11.04 12.55 -7.25
Table 2.4 Yearly average deposition calculated as the average of last fi ve years (normally 1999 – 2003), units meq m-2 yr -1. 
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Area code Sub-
programme
Species Throughfall 
amount (mm)
SO4* 
(meq m-2 yr-1)
(Ca+Mg)* 
(meq m-2 yr-1)
NO3 
(meq m-2 yr-1)
H+ 
(meq m-2 yr-1)
ANC 
(meq m-2 yr-1)
AT01 TF Picea abies 1143.3 36.37 72.19 69.83 9.67 52.89
AT01 TF Fagus sylvatica 975.2 27.90 76.01 52.19 5.21 59.36
BY02 TF
CA01 TF
CZ01 TF Picea abies 381.0 63.30 37.76 50.95 6.78 20.97
DE01 TF Picea abies 1066.8 29.53 37.50 32.06 23.84 37.05
DE01 TF Fagus sylvatica 1180.6 28.65 28.42 36.41 13.58 24.63
DE02 TF Fagus sylvatica 418.4 28.19 46.61 28.87 14.88 32.52
DK01 TF
DK03 TF Quercus sp. 729.4 43.33 44.51 26.04 66.04 91.99
EE01 TF Pinus sylvestris 288.9 28.51 37.22 22.20 8.28 12.92
EE02 TF Picea abies 439.7 34.09 61.07 8.48 3.98 56.14
EE02 TF Pinus sylvestris 532.2 29.87 72.45 17.31 5.61 57.06
FI01 TF Picea abies 432.4 23.27 21.61 7.24 6.67 19.93
FI03 TF Pinus sylvestris 484.2 12.52 11.43 6.72 11.02 5.43
FI04 TF Picea abies 439.8 9.05 7.77 3.74 5.84 5.64
FI05 TF Betula pubescens 362.0 6.37 3.57 2.39 4.17 -0.18
FI05 TF Pinus sylvestris 345.3 10.20 4.14 2.38 9.20 -2.23
GB01 TF
GB02 TF
IE01 TF Quercus petraea 1119.9 27.58 31.83 6.19 10.84 27.59
IS01 TF
IT01 TF Picea abies 802.1 27.37 53.24 33.75 3.54 60.39
IT02 TF Quercus pubescens 673.9 28.82 81.76 38.71 1.21 100.48
IT03 TF Picea abies 870.7 24.28 67.42 20.77 2.08 66.24
IT06 TF Fagus sylvatica 1332.5 86.05 136.21 30.31 6.34 122.50
IT07 TF Quercus cerris 793.9 63.55 103.26 69.26 1.58 104.74
IT08 TF Fagus sylvatica 1224.7 52.10 104.05 62.39 5.86 84.04
IT09 TF Quercus cerris 824.9 38.67 100.68 39.18 2.93 81.37
IT10 TF Picea abies 1522.5 44.24 98.16 44.17 3.26 93.16
IT12 TF Quercus sp. 787.1 79.44 169.15 41.77 1.52 148.86
LT01 TF Pinaceae 525.5 21.90 15.07 5.69 2.00
LT02 TF
LT03 TF Picea abies 631.8 69.23 26.42 5.68 -14.55
LV01 TF Pinus sylvestris 645.8 34.62 46.57 32.32 13.68 25.12
LV02 TF Pinus sylvestris 621.3 31.15 49.94 23.22 10.68 25.66
NL01 TF Pinus sylvestris 685.6 72.67 21.96 60.96 19.31 41.26
NL01 TF Quercus robur 644.1 82.07 60.93 41.48 30.94 128.46
NO01 TF Picea abies 1543.3 49.75 25.39 37.93 26.98 14.82
NO02 TF Pinus sylvestris 1234.7 6.85 1.96 5.18 6.98 8.68
PT01 TF
RU04 TF
RU15 TF Picea abies 636.7 19.87 193.88 6.16 1.47 158.61
RU18 TF Pinus sylvestris 610.4 25.20 18.07 2.34 17.18 38.64
SE04 TF Picea abies 762.4 42.86 36.54 42.01 16.75 31.62
SE14 TF Picea abies 564.8 21.80 20.29 10.79 6.78 25.36
SE15 TF Picea abies 580.8 25.18 23.02 10.68 8.42 27.48
SE16 TF Picea abies 619.0 10.45 5.25 6.37 9.04 1.35
Table 2.5 Yearly average throughfall fl ux (for each species) calculated as the average of last fi ve years (normally 
1999 – 2003), units meq m-2 yr -1. 
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Table 2.6 Yearly average runoff/soil water fl ux calculated as the average of last fi ve years (normally 1999 – 2003), 
units meq m-2 yr -1
Area code Subprogramme Runoff (mm) SO4*
(meq m-2 yr-1)
(Ca+Mg)* 
(meq m-2 yr-1)
NO3 
(meq m-2 yr-1)
H+
(meq m-2 yr-1)
ANC 
(meq m-2 yr-1)
AT01 RW
BY02 RW 230.2 121.49 834.10 11.04 0.01 713.39
CA01 RW 709.9 67.96 92.18 17.34 1.17 23.85
CZ01 RW 56.3 67.07 74.87 5.18 0.01 25.11
DE01 RW 1127.4 74.03 210.52 113.90 1.05 122.17
DE02 SW
DK01 SW
DK03 SW
EE01 SW 207.3 14.64 165.09 11.55 1.70 149.74
EE02 RW 167.4 49.65 446.73 9.84 0.01 410.97
FI01 RW 182.2 34.19 37.48 0.58 6.64 9.93
FI03 RW 314.6 7.91 29.65 0.41 0.17 37.25
FI04 RW
FI05 RW
GB01 RW 537.2 12.87 21.07 0.90 0.55 24.75
GB02 RW 3072.6 130.47 112.29 68.95 49.58 -52.31
IE01 SW
IS01 RW
IT01 SW
IT02 SW
IT03
IT06
IT07
IT08
IT09
IT10
IT12
LT01 RW 61.3 77.10 237.91 0.78 0.00 161.02
LT02 RW 168.0 185.67 536.07 2.38 0.00 367.41
LT03 RW 146.3 121.36 233.16 2.05 0.02 110.94
LV01 RW 179.9 66.56 412.67 2.38 0.01 341.55
LV02 RW 252.1 80.87 580.56 1.57 0.01 506.63
NL01
NO01 RW 1252.7 68.89 30.68 11.99 28.38 -34.21
NO02 RW 1811.5 13.21 57.65 3.19 1.21 55.83
PT01
RU04
RU15 RW 351.9 89.13 431.17 3.14 0.06 285.53
RU18
SE04 RW 594.3 52.64 28.50 1.96 30.75 1.68
SE14 RW 306.6 47.34 43.18 1.16 9.97 18.29
SE15 RW 555.3 64.50 22.82 0.66 17.66 -14.83
SE16 RW 509.1 20.13 37.57 0.35 2.27 38.91
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2.4 
Discussion
The most evident result of this trend analysis is that statistically signifi cant downward 
trends of SO4 concentrations in both open fi eld (PC) and throughfall deposition (TF) 
were observed at most sites. Of the 40 sites with suffi cient data for trend analysis of 
PC, 25 sites had a statistically signifi cant decrease in SO4 (Table 2.1). For the throughfall 
deposition, the corresponding numbers were 24 plots (representing 22 different sites) 
of a total of 39 plots (representing 34 sites) (Table 2.2). This refl ects a clear response to 
decreasing emissions. The trend results for the calculated fl uxes of SO4 were similar 
but the number of statistically signifi cant results is lower than for the concentration 
based assessments.
Much fewer statistically signifi cant trends were observed for NO3 than SO4 in 
both PC and TF deposition. The overall situation is also quite different with both 
decreasing and increasing trends detected. For the PC deposition the number of sites 
with statistically signifi cant decrease in NO3 concentration was 6 (out of 43), while the 
corresponding numbers for TF deposition was 2 plots (representing 2 different sites, 
out of 39 plots representing 34 sites). One site (LT03) showed an increase in PC NO3, 
and one site an increase in TF NO3 concentration (CZ01). For the estimated PC NO3 
fl uxes there were 4 decreasing and 3 increasing trends. Regarding the TF NO3 fl uxes 
all statistically signifi cant trends showed an increase (n=6, Table 2.2).
The acidity of the deposition showed decreasing trends on the regional scale. 
The number of sites with decreasing PC H+ concentrations was 22 (17 for H+ fl ux). 
For TF H+ concentrations the corresponding number was 25 plots representing 22 
sites (21 plots representing 18 sites for H+ fl uxes). Four sites showed an increase 
in PC H+ concentration but no site an increase in TF H+ fl ux. The TF deposition 
better refl ects the total load to the ecosystem because it accounts for changing also 
in the dry deposition fraction. The observed increasing trends in H+ concentrations 
are apparently at least partly explained by a decrease in neutralising base cation 
deposition, which has affected the acidity load despite the regional-scale decrease in 
SO4. From the acidifi cation point of view it is crucial to follow the development of 
both the acidifying and neutralising components in the deposition.
As expected, the results concerning runoff/soil waters showed a more mixed 
response than in deposition. This is due to the complex interaction of soil and 
catchment processes affecting the concentrations and fl uxes of the different ions. 
Several processes, including desorption and excess mineralisation, regulate the long-
term response of soil S, and a differentiation is necessary for predictions of future 
responses (Markewitz et al. 1998, Prechtel et al. 2001, Forsius et al. 2005). Of the 32 sites 
with available concentration data, statistically signifi cant decreasing SO4 trends were 
observed at 18 sites, and increasing trends at two sites (Table 2.3). Due to missing data 
on soil/runoff water fl uxes, fl ux estimates could be made only at 20 sites. Of these 20 
sites, 7 showed a signifi cant decrease in SO4 fl ux, and one site an increase. Previous 
input-output budget studies for forested sites in Europe (including ICP IM sites) have 
indicated that many sites show a net release of sulfate indicating that forest soils are 
now releasing S that had accumulated in the past (de Vries et al. 2001, 2003, Prechtel 
et al. 2001, Forsius et al. 2005). As a general trend, the sites are thus responding to the 
decreasing S deposition.
NO3 concentrations in runoff/soil water show mixed response with both decreasing 
and increasing trends. Statistically signifi cant decreasing trends were observed at 8 
sites and increasing trends at 7 sites (Figure 2.4c, Table 2.3). Regarding the NO3 
fl uxes, the corresponding number were 4 decreasing and 6 increasing trends (3 sites 
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a signifi cant no-change trend). Few signifi cant temporal trends have generally been 
observed regarding annual NO3 concentrations in runoff waters in background areas 
in Europe (Forsius et al. 2001, Wright et al. 2001). This has been assumed to be the 
result of two opposing factors (Wright et al. 2001): continued high deposition above 
the empirically derived 10 kg N ha-1 yr-1 threshold would tend to increase N saturation 
and leaching of NO3 to runoff waters, whereas the recent decline in N deposition in 
large parts of Europe should result in decreased NO3 concentrations in runoff. The 
C/N ratio in soil organic matter, combined with estimates of N deposition, has been 
proposed as one of the key indicators for assessing the risk for N leaching in forested 
systems (e.g. MacDonald et al. 2002).
The ANC (buffering capacity) of the acid sensitive ICP IM sites in northern Europe, 
show increasing trends (Figure 2.4e), thus indicating recovery from acidifi cation. More 
signifi cant trends are observed regarding ANC than H+ (pH), due to the fact that 
ANC generally is a more stable indicator and less affected by short term processes. 
Many of the ICP IM sites are not sensitive to acidifying deposition (e.g. Forsius et al. 
2005), so large changes in acidity variables are not to be expected at these sites. In any 
case, the increasing ANC trends for the acid-sensitive sites indicates recovery from 
acidifi cation and is thus a positive response to the decreasing emissions.
Regarding further work, more data would be needed especially on soil water 
fl uxes to allow calculation of element fl uxes. These water fl uxes could be estimated 
by using e.g. the model WATBAL (Starr 1999), previously used on some ICP IM sites. 
Input-output budget calculations allow more detailed assessment of the long-term 
effects/sustainability of the ecosystems than concentration based studies. Quality 
control of the data and consistency checks of the derived results should be carried 
out by the National Focal Points as a key part of the assessment activity.
2.5 
Concluding remarks
These new results of the ICP IM sites confi rm the previously observed regional-scale 
decreasing trends of S in deposition and runoff/soil water. Acid-sensitive ICP IM 
sites in northern Europe also indicate recovery from acidifi cation.
The situation regarding N is quite different with few decreasing trends in 
deposition and both decreasing and increasing trends in runoff/soil water. Critical 
load calculations for Europe also indicate exceedances of the N critical loads over 
large areas. The N problem thus clearly requires continued attention as a European 
air pollution issue.
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3.1 
Introduction
Heavy metal (HM) loads exceeding critical values could be hazardous to ecosystems. 
Impacts might occur in terrestrial systems and in freshwater systems exposed to 
leaching. In the soil microorganisms and soil fauna such as nematodes and earthworms 
could be infl uenced by heavy metals. Metal levels, presently reached, are estimated 
to be high enough to cause damage at 5-25% of European sites (Rademacher 2001). 
Effects could also occur on vegetation, where root damage is one impact. There are 
also human health aspects of heavy metals. HM could be leached to surface waters 
where freshwater organisms and among those fi sh may get elevated content levels. 
Secondary effects might arise, especially at consumption with high Hg content.
Metals have accumulated in soils and catchments over long time periods and the 
accumulation has partly resulted in unnaturally high concentration levels at many 
sites. At such sites, the elevated concentrations could exert negative infl uences. This 
would eventually deteriorate the biological system and conditions for surface waters 
and limnic life.
Investigations on heavy metals in ecosystems have taken place over the years with 
intentions to extend the understanding of relevant processes, to gather information 
for critical levels and critical loads and to provide data for modelling. One such 
programme is the International Co-operative Programme (ICP) on Integrated 
Monitoring of Air Pollution Effects on Ecosystems (IM) within the Convention 
of Long-Range Transboundary Air Pollution (LRTAP Convention). In the LRTAP 
Convention Protocol 1998 on Heavy Metals, Cd, Hg and Pb were identifi ed to be of 
priority concern with Hg presently highlighted. Regrettably, so far no wide-spread 
and long-term monitoring of Hg exists.
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Input of pollutants is basic for the effects related work. Calculations are made by 
the EMEP programme but for ICP IM, site specifi c determinations exist. Consideration 
on accurate values needs to be made. This involves calculations on bulk deposition, 
throughfall and litterfall. Relative changes for the period 1980-2000 are well presented 
by EMEP for the priority heavy metals (EMEP 2004). European lead and cadmium 
emissions and deposition have during the period decreased substantially as have 
mercury emissions, while mercury deposition has decreased to lesser degree. 
According to assessments by EMEP for year 2000 deposition of Pb was reduced by 
80%, Cd by 70% but Hg by mere 30% compared to 1980.
The integrated monitoring approach, as carried out in the ICP IM programme, 
furnishes complete investigations on concentrations in several compartments and 
good possibilities for budget calculations. Also fl uxes between the compartments, 
pools and critical loads provide understanding in the HM turnover. Comparisons 
of actual budgets and calculated critical HM loads are furnished. This could add to 
the credibility of mass balance models for critical loads, although all sites deviate 
from the steady state conditions postulated for critical loads. There is an ongoing 
accumulation. A number of basic assessments could be identifi ed for the ICP IM work. 
This report deals with total metal deposition to forests and input/output balances 
for catchments. Deposition will be compared with calculated critical loads for some 
sites (Bringmark et al. 2006).
3.2 
Methods
In investigations on HM pools, fl uxes and critical loads, the catchment approach 
with controlled input and output is most suitable. Inputs are from direct atmospheric 
deposition (bulk deposition, BD), throughfall (TF) and litterfall (LF), although litterfall 
in some cases includes internally circulated elements. In this investigation of mainly 
catchment in- and outfl ow priority has been given to cadmium (Cd), mercury (Hg) 
and lead (Pb). This is in accordance with the 1998 Protocol on Heavy Metals.
ICP IM is providing data for 13 IM sites during some years within the period 1996 
– 2003. The included IM sites relate to 8 countries; Austria (1 site), Czech Republic (2 
sites), Finland (2 sites), Germany (1 site), Latvia (2 sites), Lithuania (2 sites), Sweden 
(4 sites) and UK (1 site). Forests dominate the land cover but in various extents and 
at one site GB01, mainly shrubs and grass exist (Table 3.1).
Site conditions for catchments included vary from sorted sediments on sedimentary 
bedrock over morainic landscapes on igneous bedrock to sites with substantial 
peatland and lakes. Mineral soils dominate but in UK and Finland there are mainly 
peaty soils. The underlying bedrock is mainly granite but especially in Austria the 
dolomite and limestone furnish karstic conditions with complicated water fl ows. This 
is however, partly taken care of by comparisons with an extended area. Ideally, the 
catchment provides excellent and controlled conditions as being a defi ned unit.
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Table 3.1 Site description of IM sites included. Nation code AT-Austria, CZ-Czech republic, DE-
Germany, FI-Finland, GB-United Kingdom, LT-Lithuania, LV-Latvia and SE-Sweden. Land cover 
simplifi ed forest type, T-long term annual mean temperature and P- long-term annual mean 
precipitation.
IM site Land cover Area, km2 Altitude, m T, oC P, mm
AT01 Mixed mountain forest, beech dom. 0.90 550-950 + 7 1650
CZ01 Coniferous forest dom. 91% 2.68 464-633 + 7 621
CZ02 Spruce 70% over 20 y. 30% young 0.27 829-949 + 5 953
DE01 Mixed mountain forest, forest 65% 0.69 787-1250 + 5 1300
FI01 66% Forest, spruce dom. 0.30 150-190 + 3 618
FI03 Forest, pine dom. 4.64 165-214 + 2 592
GB01 Heather and fescue grassland 9.98 225-1111 + 6 1000
LV01 Mixed forest, pine, birch, spruce 6.65 6-16 + 6 772
LV02 Mixed mesic coniferous forest 0.27 184-192 + 5 727
LT01 Coniferous forest, pine spruce 1.02 159-189 +6 682
LT03 Coniferous forest, pine spruce 1.47 147-180 +6 788
SE04 Mixed mesic coniferous forest 0.04 114-140 + 7 1143
SE14 Mixed mesic coniferous forest 0.20 210-240 + 6 712
SE15 Mesic coniferous forest, spruce dom. 0.20 312-415 + 4 900
SE16 Spruce and pine forests 0.45 410-545 + 1 750
3.3 
Results and discussion
3.3.1 
Metal deposition to forests
Metal stored in soils should be seen in relation to the history of much higher pollution 
loads in earlier decades. More recent deposition of Pb in year 2000 was estimated by 
EMEP to be 0.5-1 mg m-2 in large parts of Europe with, in some parts of Central Europe, 
levels reaching 5 mg m-2 (EMEP 2004). This corresponds to the bulk deposition that 
was measured at IM sites. 
General ranges for EMEP deposition estimates of Cd in year 2000 were 0.01-0.025 
mg m-2 and for Hg 0.02-0.03 with, in some regions, values for both metals reaching 
0.15 mg m-2. At least for Cd, bulk deposition at our IM sites in the recent decade was 
often observed to be at the EMEP regional highest level while there are only few case 
studies for Hg (Figure 3.1).
Figure 3.1 Input of mercury to the IM sites SE04 and SE14 by bulk deposition (BD), throughfall 
(TF) and litterfall (LF).
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A large part of metal throughfall (TF) in forests is in the form of particles scavenged 
by tree canopies with subsequent deposition to the forest fl oor. The downward transfer 
is water-borne in the throughfall and associated with organic material in litterfall 
(LF). Of the long-range pollutants dealt with in LRTAP Convention, i.e. Hg, Pb and 
Cd, Hg is to a large degree associated with litterfall. The ratios of LF/TF were 1.4 at 
the South Swedish site SE14 and 1.1 at northern site SE16. The amount of litter fall 
was low in the sparse tree stand existing in the northern site (Figure 3.5), which of 
course also gives the dimension to the metal fl ux. Hg fl ows by both LF and TF were 
substantially larger than bulk deposition to open fi elds, which clearly demonstrates 
the role of interception in canopies. 
Comparison of incoming bulk deposition (BD) with TF for lead and cadmium 
did not always show increased deposition under canopies. But, in cases when both 
TF and LF were put together the picture usually was that of larger fl ows beneath 
canopies (Figure 3.2). Also for these metals litter fall plays a substantial role. LF/TF 
ratios were 0.6-1.0 for Pb and 0.8-1.2 for Cd at the studied sites. Cd is often considered 
as more associated with the solution phase than Pb is, but this was not shown for 
LF/TF ratios at the IM sites.
The density of forests has direct infl uence on litter fall. The species of trees also 
affect interception. Deciduous trees with autumn shedding of leaves yields much 
lower annual totals of metal deposition to the soil than evergreen coniferous trees. 
This was observed for TF of beech and spruce at the Austrian site AT01.
The dry deposition intercepted by forests can be assessed in various ways. Probably, 
throughfall added with litterfall can be used as a rough estimate of total deposition, 
at least in situations of high air pollution. This is under the assumption that uptake 
by trees from the soil is negligible and no internal circulation takes place. However, 
such an estimate could, to some extent, be regarded as an overestimation. Anyhow, 
here TF+LF is utilised as measure of total deposition. Deposition calculated in this 
way was certainly several times higher than incoming bulk deposition, in case of 
Hg up to fi ve times (Figure 3.1). Also copper and zinc in throughfall were generally 
found higher as compared to incoming bulk deposition.
These totals are the load relevant for the build-up of stores in the soil and for 
possible soil microbial effects, ie. it is relevant when estimating the critical load. 
Unfortunately LF could only be reported for a few sites, so in most cases TF or BD 
had to be used as measures of input to included IM sites.
3.3.2 
Catchment output - metals in stream fl ow
Element runoffs are highly dependent on discharge amount. In the stream water 
from the catchments, annual discharges varied to a large extent. This is of great 
consequence for metal transports. High mountain sites subject to high amounts of 
precipitation and low evaporation had high discharges such as 800 to 1200 mm 
for AT01, DE01 and GB01. East European lowland sites in conditions of rather low 
precipitation and fairly high evapotranspiration had stream water discharges of only 
50-200 mm. Swedish sites and the Czech highland site CZ02 were intermediary with 
annual stream water fl ows between 280-520 mm. 
The general range of stream water fl ows for Pb was found to be 0.04-0.3 mg m-2 yr-1 
with two exceptional sites, CZ02 and DE01, having much higher fl ows. The higher 
values within the general range were encountered in Scandinavia where soils are 
shallow. In continental Europe very low stream transports of Pb were found for sites 
with low and with high water discharge similar, eg. at AT01 with alkaline soils having 
c. 1200 mm of water fl ow and CZ01 having only 56 mm. Alkaline soils are especially 
effective in immobilising metals. Organic matter could act in a similar way. Even at 
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the time period of our investigation when deposition loads were much reduced, Pb 
levels were retained in the catchments to a degree of 1-17% of input by TF.
The two sites with high outfl ows of Pb, CZ02 and DE01 are both situated in the 
highlands at the Czech-German border. At these sites stream transports of Pb were 
higher or equal to TF. When LF and TF are combined as measure of input to DE01 
there is larger input than output even at DE01 (Figure 3.2). The metal pollution has 
possibly been intense at high altitudes. Pb outfl ow at Swedish and Finnish sites was 
considerably lower than deposition (Figure 3.3).
Cd is considered more mobile than Pb in soils. Cd is occurring more in the solution 
phase and is subject to cation exchange. The range of Cd fl ows at eight sites was 
0.005-0.02 mg m-2 yr-1 , irrespective of large differences in water discharge. From 
three Swedish sites the outfl ow of Cd was 5-30% of input by BD or TF (Figure 3.4). 
Hydrology with large water discharges is a more probable reason than high storages. 
This is also relevant for other mountain sites such as CZ02 and AT01. The site SE15 
had large Cd discharge at low organic content of the solution (Figure 3.4). 
Figure 3.2 Lead and cadmium balances for the DE01 catchment including throughfall (TF), litterfall 
(LF) and runoff (RW). Sum of TF+LF also presented.
Figure 3.3 Lead balances for the Finnish FI03 catchment (note; BD instead of TF) and the three 
Swedish catchments SE14, SE15 and SE16 with throughfall (TF), litterfall (LF) and runoff (RW) 
included. Sum of TF +LF also shown.
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Hg is considered to be strongly bound to organic material in soils and transports 
are controlled by movement of organic material. Transports in the studied Swedish 
streams were in the range of 0.001-0.003 mg m-2 yr-1 and retention was 4-19% of 
total input (Figure 3.5). Hg deposition is still rather elevated making continuing 
accumulation in the system probable.
Cu and Zn are not generally elevated pollutants although local pollution might 
exist. But, comparisons of outfl ow in streams with TF or BD show that outfl ow was 
much smaller than input even for these metals. The sites DE01 and CZ02 were again 
exception to the general pattern as shown for Zn, while Cu was not determined at 
these sites.
Figure 3.4 Cadmium balances for the three Swedish catchments SE14, SE15 and SE16 including throughfall (TF), 
litterfall (LF) and runoff (RW). Sum of TF+LF also presented.
Figure 3.5 Mercury balances for the four Swedish catchments SE04, SE14, SE15 and SE16 with 
throughfall (TF), litterfall (LF) and runoff (RW). Sum of TF+LF also presented.
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3.3.3 
Calculation of critical loads
Critical load is a quantitative estimate of an exposure to one or more pollutants below 
which signifi cant harmful effects on specifi ed sensitive elements of the environment 
do not occur according to present knowledge. An expert group related to UNECE has 
developed critical load assessments for Pb, Cd and Hg to be used under the LRTAP 
Convention. The method of calculations is described in a manual (UBA 2004) and has 
been implemented for a mapping of critical loads in Europe in 2005 (Slootweg et al. 
2005). 
The calculations for Cd and Pb in relation to soil biology require knowledge of content 
of soil organic matter, pH, dissolved organic carbon (DOC) and annual water fl ow. Some 
other parameters can be treated in a generalised way. Critical loads of Hg only require 
knowledge on DOC and water fl ow. 
Total deposition at Swedish IM sites estimated by TF+LF at the sites well exceeded 
calculated critical loads for Hg (Figure 3.5). For Pb the E-horizon was just at risk level 
while the organic layer was safe. Cd deposition was safely below critical load (Table 
3.2).
Table 3.2 Critical loads for two soil layers at Swedish IM sites.
Site, layer Cd (mg m-2 yr-1) Pb (mg m-2 yr-1) Hg (mg m-2 yr-1)
SE14 humus layer 0.8 5 0.016
SE14 E-horizon 0.6 1.6
SE15 humus layer 1.0 4 0.006
SE15 E-horizon 0.9 2.0
SE16 humus layer 1.4 8 0.013
SE16 E-horizon 1.0 1.0
3.4 
Conclusions
In spite of decreasing loads, accumulation of HM is still going on and requires continued 
monitoring. Probably, the accumulation is higher as compared to deposition values given 
by EMEP. Additional input is furnished by dry deposition and only captured by litterfall 
measurements, not included in the EMEP values. For this important environmental 
work, the ICP Integrated Monitoring provides the possibility for complete ecosystem 
surveillance. Not only the chemical compounds but also the biological effects need 
consideration. Heavy metal translocations in the terrestrial system should be investigated 
as well as leaching to surface water outfl ow. In the surface waters, further observations are 
needed to follow the biological consequences, including those infl uencing human health. 
Critical load concepts for heavy metals can be tested by biological assessments. 
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4.1 
Introduction
Previous work undertaken using ICP IM data towards the objectives of the UNECE 
Convention on Long-range Transboundary Air Pollution has identifi ed the need for 
consistency between critical load assessments and dynamic modelling activities so as 
to pinpont Damage Delay Times and Recovery Delay Times in response to changing 
deposition patterns (Jenkins et al. 2003). 
Here the work is continued for one of the sites studied previously, Afon Hafren 
(GB02), identifying the nature of any exceedances in critical loads and the response 
of chemical impact indicators. Subsequently Target Load Functions were to be 
quantifi ed for a range of pre-specifi ed chemical conditions deemed desirable. With 
these in mind projected recovery could be compared alongside the current expected 
nature of recovery as predicted by dynamic models. The process of quantifying 
acidifi cation critical load, exceedance and recovery was to be extended to assessments 
of eutrophication risk. 
The objective of the work was to defi ne a generalised methodology for ICP IM sites 
for undertaking the assessments described above. The methodology will be suitable 
for sites for which suffi cient data are available for quantifi cation of critical loads and 
their exceedances and for parameterisation and successful calibration of the MAGIC 
dynamic model of freshwater acidifi cation (Cosby et al. 2001). 
4.2 
Materials and methods
4.2.1 
Site description
The Afon Hafren (ICP IM site GB02: 52◦ 29′ N 3◦ 41′ W) lies in the Cambrian Mountains 
of mid-Wales. From its confl uence with the Afon Hore the 358 ha catchment forms 
the headwaters of the River Severn. The catchment rises from 355 m at the sampling 
station to 690 m at Blaenhafren. Podzols cover approximately 60% of the catchment 
with organic peaty soils comprising the remaining area. The underlying geology 
consists of Ordovician grits and Silurian mudstones and shales. Plantation forestry, 
primarily Sitka and Norway spruce, covers 41% of the catchment. The forestry 
forms part of the larger Hafren Forest which was planted primarily between 1948-
1959 and 1963-1964. There has been some thinning and windblow, with removal of 
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windblown trees. Up to 1992 about 5% of the catchment consisted of recently felled 
forest. Moorland grasses and Calluna occupy the remainder of the catchment and 
are utilised for rough grazing. 
4.2.2 
Data availability
Stream water chemistry has been collected monthly at the Hafren site as part of the 
UK Acid Waters Monitoring Network and for modelling purposes these data were 
summarised as annual mean concentrations from 1998-2001. EMEP grids of S and 
N deposition were used as a basis for defi ning historical sequences of inputs. These 
were modifi ed using more locally relevant measurements and estimates. The values 
used under current legislation to 2010 are similar to those applied by Jenkins et al. 
(2003) but include lower estimates of reduced N deposition as a result of subsequent 
improved estimates from atmospheric modelling.
4.2.3 
Modelling methods 
For dynamic modelling purposes a version of the MAGIC model incorporating N 
processes was used (Cosby et al. 2001). The model was applied at an annual time step 
and calibrated to1988 using observed soil and stream chemistry data. The process 
of calibration followed the account given by Jenkins et al. (2003). Parameterisation 
requirements are in part provided for by observed data, notably lake and catchment 
morphological characteristics, soil chemistry and physical properties, base cation 
uptake by vegetation allied to information on forest history. These have been covered 
in detail elsewhere (e.g. Jenkins et al., 2003).
Two methods were used to determine critical loads of acidifi cation, as defi ned by 
Equation 1:
   (1)
where:
Lcrit = acidity critical load (keq ha-1 yr-1)
BCw = base cation weathering rate (keq ha-1 yr-1)
BC*dep = non-marine base cation deposition (keq ha-1 yr-1)
ANCcrit = chosen value for critical ANC in streamwater receptor (keq ha-1 yr-1)
Q = annual fl ow (l ha-1 yr-1) 
Firstly, the FAB model was used (Henriksen and Posch 2001). Secondly, MAGIC 
calibrated weathering rates of base cations were used to estimate critical loads. The 
base cation weathering rate is the sum of the component rates for Mg, Ca, Na and K. 
The critical loads were calculated for 3 different threshold receptor values of ANC in 
the streamwater (0, 20 and 40 μeq l-1 respectively; converted to keq ha-1 yr-1). 
Critical loads for nutrient nitrogen are, by defi nition, land-use specifi c. The Hafren 
catchment comprises 41% forest, 30% grassland and 29% heathland. The constituent 
critical load calculations follow standard UK methodologies embodied in the 
International Programme on Mapping under the Working Group on Effects. Grassland 
and heathland nutrient N critical loads are empirically derived, the fi xing of values 
being based on observations of changes in species composition, plant vitality and 
soil processes. The critical load for forest is calculated using a mass balance method 
(Hall et al. 2003) whereby components for uptake, immobilisation, leaching and 
denitrifi cation are estimated and summed to give a total load. A catchment average 
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fi gure is calculated based on area weighting by land use type of the constituent 
critical loads. 
For both acidifi cation and eutrophication impacts, critical load exceedances were 
calculated both for recent observed conditions (1998-2000) and under UK NECD 
projections based on the Gothenburg Protocol (2010). Acidifi cation exceedances (keq 
ha-1 yr-1) were calculated using Equation 2:
    (2)
where Nexp and Sexp are given in Equations 3 and 4 as follows:
    (3)
    (4)
Ndep = total N deposition (sum of wet and dry oxidised and reduced N 
deposition)
Sdep = total wet and dry non-marine S deposition
RhoN and RhoS are in-lake retention terms (set to 0 for Afon Hafren)
CLminN value was obtained from FAB model application.
In the circumstances of total N deposition not exceeding the value of CLminN, 
Equation 5 was applied:
    (5)
where LCratio is the area ratio of lake to total catchment (set to 0 fro Afon Hafren).
Target loads for deposition reduction completed by 2020 for a streamwater target 
ANCcrit of 20 μeq l-1 were calculated. Two exercises were undertaken for illustrative 
purposes. Firstly calculation was done for SO4, NO3 and NH4 individually in turn 
for a range of target years between 2030-2060, holding the loads of the other two 
species constant at the baseline predicted levels under the Gothenburg Protocol (TL 
Exercise 1). Some assumptions and constraints were made about the variation in time 
of atmospheric deposition in the context of the target loads. Linear interpolation was 
made between 2010 projected deposition and the target load for 2020 and loads were 
to remain constant after 2020. The effect through to 2100 was evaluated. Secondly, 
multiple critical load functions were calculated for the same range of target years, 
varying SO4 and NH4 deposition whilst holding NO3 at 1988 levels. The functions were 
completed by evaluating the target SO4 load at zero N deposition (TL Exercise 2). 
4.3 
Results
Figure 4.1 shows the output from the MAGIC model in terms of stream ANC. Large 
short term variations in simulated output during the 1990s are due to the availability 
of year-specifi c wet deposition data to drive the model. The observed annual means, 
taken from a weekly sampling program, are shown; these data are not the same as 
those used in model calibration. The calibration process involved optimisation against 
an assemblage of soil and stream chemical parameters, using, in the case of stream 
data, annual means of monthly observations from 1988 (for which the mean ANC 
was 12 μeq l-1). Large variations in seasalt inputs are propagated through to stream 
ANC variability and this is primarily the cause for any mismatch between observed 
and predicted values for specifi c years. 
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Critical load calculations are summarised in Table 4.1 which shows good agreement 
between the FAB and MAGIC-derived values. For these calculations a value for mean 
annual discharge at Afon Hafren of 1924 mm (1924000 L ha-1) was used. Applying 
an ANCcrit value of 20 μeq l-1, the minimum critical load of nitrogen (CLminN) as 
calculated by FAB is 0.37 keq ha-1 yr-1, an N deposition below which all deposited N 
is assumed immobilised by soil and plant uptake. Therefore the maximum critical 
load of N above which harmful effects are seen is equivalent to the sum of the Lcrit 
and CLminN values. In reality, unique critical loads cannot be generally defi ned due 
to the contribution of S to acidifi cation. Hence a critical load function for the Afon 
Hafren (Figure 4.2) can be plotted in relation to present day and Gothenburg protocol-
projected deposition. At Afon Hafren it is clear that legislation will prove effective in 
lowering deposition below critical levels for acidity. 
Table 4.1 also includes the landcover-specifi c critical load values for nutrient N and 
an overall estimate for the Afon Hafren (CLnutN). It is less certain that legislation 
will reduce deposition below critical levels in terms of eutrophication risk. Table 4.2 
shows exceedance values. The uncertainty is noteworthy for coniferous woodland 
ecosystems where the value of CLnut(N) is subject to uncertainty of +/-0.13 keq ha-1 
yr-1 ( Posch et al. 2003). 
Table 4.1 Critical loads calculations (values are in keq ha-1 yr-1).
acidifi cation: ANCcrit values (μeq l-1) eutrophication
0 20 40 nitrogen
FAB Lcrit 1.45 1.06 0.68
MAGIC Lcrit 1.39 1.01 0.62
grass/heath 1.07
woodland 0.79
catchment average (CLnutN) 0.95
Table 4.2 Critical load exceedance calculations under present day and UK NECD (Gothenburg 
protocol) deposition loads (values are in keq ha-1 yr-1). Acidifi cation exceedance is based on 
ANCcrit = 20 μeq l-1. 
Present day deposition Gothenburg Protocol deposition
acidifi cation eutrophication acidifi cation eutrophication
FAB model 0.16 -0.58
MAGIC-derived model 0.21 -0.52
grass/heath 0.23 -0.29
woodland 0.52 -0.01
catchment
average (CLnutN)
0.35 -0.18
Figure 4.1 MAGIC model performance in terms of stream ANC at the Afon Hafren.
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When critical loads are evaluated in the context of dynamic modelling (Figure 4.3a) 
it can be seen that for the Afon Hafren deposition has been above the critical load and 
the stream chemical criterion violated for many years. It is predicted that measures 
of recovery, currently underway, will result in the stream criterion no longer being 
violated in 2010. However, MAGIC model output through to 2100 suggests concern 
over whether the recovery is sustainable. The impacts of climate change may have 
an important bearing on whether or not stream water will remain above ANCcrit. 
For stream ANC, damage delay and recovery delay times (Figure 4.3b) are predicted 
to be short (3 years and 2 years respectively). The biological responses (not covered 
here) are typically longer. Figure 4.3c shows that soils are of low base saturation and 
have always been in violation of the UK-defi ned critical levels (equivalent Ca: Al ratio 
= 1). It is arguable that the ratio is not very stable, and it is instructive to calculate 
the soil base cation pool (Posch et al., 2003). The MAGIC model estimates levels of 
6.1 eq m-2 in 1848 decreasing to 3.6 eq m-2 at present day and recovering gradually to 
4.2 eq m-2 by 2100. 
Analysis for the Afon Hafren has shown that streamwater chemical targets can be 
attained prior to 2010 under current legislation. Therefore, for this site, target loads do 
not need to be defi ned to drive further deposition reductions. TL Exercise 1 revealed 
that for all streamwater chemistry target years the target load for total acidifying 
deposition is at or above critical levels. Guidelines specify that whenever target loads 
are higher than the critical load the target should be set to the critical level so as to 
ensure future ecosystem protection. Unfortunately, dynamic modelling reveals that 
achieving deposition targets below the critical level (for example those shown on 
Figure 4.4, the plot of multiple critical load functions) may not be suffi cient to offer 
future protection. Protection is guaranteed only up to the target year because stream 
ANC is predicted to deteriorate slightly if deposition is held constant up to 2100 at the 
levels achieved in 2020. This occurs regardless of the 2020 deposition loads specifi ed. 
Hence, as illustrated by TL Exercise 2, the target loads for non-violation of ANCcrit in 
2060 are more stringent than for 2030 as values above 20 μeq l-1 must be maintained 
for longer. A function for the year 2100 has been added to Figure 4.4, showing that 
deposition projected under Gothenburg Protocol is more than adequate to ensure 
streamwater protection until 2100.
Figure 4.2 The critical load function for Afon Hafren defi ned using FAB and MAGIC model 
methodologies. Current deposition and projected 2010 deposition under the Gothenburg 
Protocol are also shown.
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Figure 4.3 Past and 
future development of 
acid deposition effects 
on chemical indicators 
illustrated using the 
MAGIC model: (a) 
overview from 1850-
2100 of acid deposition 
loading and streamwater 
ANC using a MAGIC-
derived value for Lcrit 
and an ANCcrit of 20 
μeq l-1, (b) concept of 
the damage delay time 
(DDT) and recovery 
delay time (RDT) for 
streamwater ANC 
(c) responses of soil 
chemical variables.
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4.4 
Conclusions and ongoing priorities
The modelling study of the Afon Hafren has shown that streamwater chemistry is 
successfully recovering from the effects of acid deposition in response to reductions 
in emissions under current legislation. It is predicted that stream ANC will have 
recovered to above 20 μeq l-1 by 2010 and, under current climatic conditions, will 
remain at safe levels throughout the rest of the 21st century. In this context no further 
deposition reductions would be necessary. There is fairly good consistency between 
calculations of critical loads of incoming acidity as estimated by dynamic modelling 
(MAGIC) and the FAB model. For streamwater, dynamic modelling from 1850-2100 
suggest that with respect to critical deposition levels damage delay times and recovery 
delay times are short (less than 5 years). However, delay times with respect to soil 
chemistry cannot be defi ned as the soils are poorly buffered with parameters of 
acidifi cation always below critical levels. Dynamic modelling suggests recovery will 
be slower (or at least less complete by 2100) than for streams. 
For use at ICP IM sites, the work presents a method for dynamic modelling, critical 
load calculation and, if necessary, defi nition of target loads to ensure recovery to safe 
levels of a chosen target chemical parameter, either in stream or soil environment. 
However, the Afon Hafren study illustrates complications that may arise in terms of 
interpreting dynamics of predicted ANC in the future. In this case stream ANC is 
predicted to decline slightly some years after current legislation is achieved (Figure 
4.1). Therefore, a target load function cannot be defi ned in the same way as for a site 
that is predicted to show continued and sustained recovery in response to decreasing 
emissions.
Other complications concern uncertainties over how N dynamics should be treated 
by dynamic models and uncertainties due to changing climate. The steady-state FAB 
model suggests that for the Afon Hafren all N deposition above 0.37 keq ha-1 yr-1 
will result in leakage at some stage in the future. Dynamic modelling suggests that 
signifi cant leakage did not occur in the Hafren until deposition of >1 keq ha-1 yr-1 
occurred. The predicted long-term levelling off in recovery and slight decline in ANC 
Figure 4.4 Target Load Functions required for 5 specifi ed future years of streamwater chemistry targets. The functions 
are shown in relation to the site critical load functions and to current and projected deposition. 
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in the 21st Century is in part due to the impact of N leaching. Including N dynamics 
in MAGIC (Cosby et al. 2001) allows N leaching to be governed by the C/N ratio of 
the soil organic compartment. The conceptualisation allows for N loss to increase into 
the future even when deposition inputs of N decline, thereby simulating the effects of 
N saturation. Therefore the dynamic modelling undertaken here represents a worse 
case scenario. There is much uncertainty regarding future dynamics of N leakage in 
catchments. 
When considering climate change effects, the sensitivity analysis performed by 
Wright et al. (2006) was extended to the Afon Hafren. The results of this analysis 
reveal that the model is sensitive to future increases in soil decomposition (N release), 
having an adverse effect on the recovery of streamwater ANC (potentially violating 
critical levels once again before 2050) and soil base saturation. In the shorter term (up 
to 2050) increases in seasalt deposition appear likely to also have an adverse effect on 
ANC but this is unlikely to result in a decrease below 20 μeq l-1. Some more desirable 
effects are projected: increasing seasalt inputs is benefi cial to soil base saturation and 
increasing weathering rates under higher temperatures will enhance recovery in both 
soils and stream water. 
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5   Reports on national ICP IM activities
5.1 
Report on National ICP IM Activities in Estonia
Jane Frey1, Toomas Frey2, Naima Kabral3, Rein Kolk4, Reet Talkop5
1 Institute of Geography, Tartu University,
2 Institute of Silviculture, Estonian University of Life Science,
3 Estonian Environmental Research Centre,
4 Tartu Environmental Research Centre,
5 Ministry of the Environment of Estonia
During 2005, the Integrated Monitoring Programme has continued in the both ICP 
IM areas, Vilsandi (EE01) and Saarejärve (EE02). The permanent plot in Vilsandi is a 
100–year-old Scots pine stand (Fragaria type) on Calcari-Gleyic Leptosol. At Saarejärve, 
samples were collected from two permanent plots of the Scots pine (120 years old) 
and the Norway spruce (90 years old) stands. At both stands, the parent material is 
fl uvioglacial sand, on which moderately eluviated Haplic Podzols have developed. 
Mean annual precipitation during the study period (1995-2005) was 630 mm in 
Saarejärve and 535 mm in Vilsandi. In 2005, precipitation amounts were 675 mm in 
Saarejärve and 568 mm in Vilsandi.
Sampling and analyzing of samples were carried out under the subprogrammes: 
AM, AC, PC, TF, SF, SC, SW, RW (EE02), FC, LF, MC, FD, AL (EE02), and MB.
Saarejärve (EE02)
The concentration of SO4-S in precipitation, throughfall, stemfl ow, soilwater (Figure 
5.1.1) and runoff water was in 2005 one of the lowest measured during monitoring 
period (1995-2005). Sulphur concentration in runoff water varied more independently 
of the changes in deposition levels and downward trend is not detected, despite the 
low annual mean contents of SO4-S estimated for last two years (2.2 and 3.5 mg l
-1). A 
signifi cant upward trend for Ca and SiO3 in runoff water indicates presumably good 
conditions for weathering of silicates.
The decreasing trend of sulphur concentration in deposition is in good accordance 
with decreasing trend of the concentrations of most important base cations, Ca and 
Mg in bulk precipitation. Concentration of Ca in bulk precipitation remained below 
1 mg l-1 since 2003. 
Deposition of inorganic nitrogen (NO3-N + NH4-N) in pine and spruce stands via 
throughfall showed highest loads in 2005: 5.2 and 3.2 kg ha-1, accordingly in pine and 
spruce stand. Concerning the concentration of nitrate, the monotonic decreasing trend 
during the 11 years of measuring was detected for bulk precipitation. 
During the past fi ve years, the concentrations of trace metals: Cd, Cr, Cu, and Pb in 
epigeic mosses have decreased in both areas. In addition, in Saarejärve Fe and Ni also 
showed lower concentrations in 2005 compared with 2000 and 1997 (Table 5.1.1). Only 
Zn content in mosses of Saarejärve seems to have increased during study period.
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Table 5.1.1 Average concentrations of trace metals (mg/kg) in epigeic mosses in Estonian 
integrated monitoring areas 1994-2005.
Metal Moss species Vilsandi (EE01) Saarejärve (EE02)
1994 2000 2005 1995 1997 2000 2005
Cd HYLO SPL 0.02 0.19 0.15 0.09 0.24 0.12
PLEU SCH 0.07 0.32 0.09 0.19
Cr HYLO SPL 5.0 0.34 0.30 1.25 1.48 0.46
PLEU SCH 8.98 0.56 0.20 1.07
Cu HYLO SPL 3.66 5.51 3.90 6.05 4.36 3.97
PLEU SCH 3.35 7.83 6.20 2.93
Fe HYLO SPL 151 81 123 280 333 187
PLEU SCH 203 125 123 232
Ni HYLO SPL 5.53 0.83 1.40 3.0 4.2 1.07
PLEU SCH 5.05 1.45 0.90 1.01
Pb HYLO SPL 8.08 4.38 2.80 7.30 2.45 2.40
PLEU SCH 8.77 5.70 1.20 3.28
Zn HYLO SPL 28.6 22.4 28.4 24.2 27.2 30.7
PLEU SCH 24.9 20,5 21.6 28.0
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Figure 5.1.1 Decline of SO4-S concentration in soilwater from depth of 10 and 40 
cm in pine (M) and spruce stand (K) at Saarejärve (EE02). Trends are statistically 
signifi cant by Mann-Kendall nonparametric test.
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5.2 
Report on National ICP IM Activities in Germany
Helga Dieffenbach-Fries1, Hubert Schulte-Bisping, Burkhard Beudert
1 Federal Environmental Agency
Fachgebiet II 5.4, Paul-Ehrlich-Str. 29, D-63225 Langen
e-mail: helga.fries@uba.de
During 2005 – 2006, the Integrated Monitoring Programme was performed at two 
German IM stations (DE01 and DE02).
Forellenbach (DE01)
As a contribution to the Acid Rain 2005 Conference in Prague in June, Bavarian Forest 
National Park Administration and German Environmental Agency jointly prepared 
a fi eld trip to the IM site Forellenbach (DE01).
During the walking-tour to the measurement sites and the monitored tree stands, 
site characteristics and some results of long-term monitoring of environmental impacts 
and ecosystem changes were presented:
• reduced S-deposition by about 75 % since the 1980s, unchanged N-deposition 
since 1996, extensively exceeded critical levels and loads of ozone; markedly 
increased air temperatures triggered insect pests
• recovery of soil solutions from acidifi cation in beech stands, ongoing accumulation 
of nitrogen in nitrogen rich soils towards saturation and imbalanced tree nutrition 
(N/Mg)
• dramatic changes in mass balances of spruce stands after bark beetle attack 
and dieback; high nitrate (nutrient) losses with seepage water, but excess 
mineralization was completed after fi ve years following dieback
• groundwater and runoff water refl ect the effects and interactions of changes 
in deposition load and of altered biochemical processes triggered by spruce 
dieback: increased runoff and groundwater table, increased nitrate and cation 
concentration, aluminium dynamics now controlled by nitrate; brown trout 
population profi ts in size and biomass by increased nutrients and energy.
In addition to the monitoring programmes, current work is focussing on mass balances 
of some heavy metals (Pb, Cd). Comparison of the measured/derived heavy metal 
fl uxes with the critical loads for different receptors should give information about 
the ecological risks.
Neuglobsow – Lake Stechlin (DE02)
At the lowland site Neuglobsow – Lake Stechlin (DE02), where IM measurements started 
in 1998, research focussed on water and element fl uxes relating to subprogrammes 
precipitation chemistry (PC), throughfall (TF), and runoff water chemistry (RW). Since 
2004 stemfl ow measurements (SF) were made at beech trees as part of the assessment 
of stand precipitation.
Water Fluxes
The water balance of the mature beech and pine stand in DE02 was updated till 
2004, whereas the water module of Expert-N (Stenger et al. 1999) was used to predict 
water fl uxes, i.e. transpiration, evaporation, (subsurface) runoff water, and soil water 
storage (Table 5.2.1). Average annual precipitation amounted to 547 mm during the 
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7-year observation period and decreased 17 % compared to the long-term average 
(Richter 1997). Throughfall was slightly reduced to 404 mm but was still in line with 
the predicted evapotranspiration of 385 mm yr-1. Interception was calculated as the 
difference of precipitation and throughfall and accounted for 143 mm yr-1 which 
corresponds to 26 % of the rain water. Mean predicted (subsurface) runoff was equally 
low (26 mm) and varied annually between 2 mm (2003) and 110 mm (2002).
Table 5.2.1 Average annual water fl uxes (mm) during the 7-year observation period 1998 – 2004.
Year Precipi-
tation
Through-
fall
Inter-
ception
Evapo-
ration
Transpi-
ration
Runoff Soil Water 
Storage
1998 500 355 145 111 248 20 -11
1999 537 393 144 126 252 13 5
2000 519 356 163 111 293 10 -28
2001 601 469 132 88 294 20 40
2002 686 578 108 120 364 110 -28
2003 422 293 129 61 258 2 -29
2004 562 381 181 72 298 9 -2
Mean 547 404 143 98 287 26 -8
Sx 83 93 24 25 40 37 25
Element Fluxes
Annual element fl uxes of PC, TF, SF and RW were calculated on the basis of monthly 
water fl uxes and their chemical composition (Table 5.2.2). Compared to other IM 
sites in central Europe element fl uxes in DE02 are generally low and represent a 
background station in a clean air area.
Interannual variabilities of element fl uxes in precipitation (Table 5.2.2) and 
throughfall (Table 5.2.3) are also low, only Ca shows higher fl uctuations from 1.5 
kg in the year 1998 to 4.3 kg ha-1 in the year 2001. During 1998 – 2004 values of pH 
increased from 5.6 to 5.9 in TF, and from 5.1 to 5.5 in the IM open area and are similar 
to pH of stemfl ow waters.
Table 5.2.2 Average annual precipitation and element fl uxes (PC) during the 7-year observation 
period 1998 – 2004 (kg ha-1).
Year Precipitation
mm
pH Na NH4-N K Mg Ca Cl NO3-N PO4-P SO4-S
kg ha-1
1998 500 5.06 2.40 3.13 0.93 0.49 1.47 4.21 2.57 0.01 3.34
1999 537 5.20 3.23 3.51 0.94 0.57 2.27 5.59 3.43 0.20 3.85
2000 519 5.69 2.73 3.10 1.20 0.57 2.63 4.49 2.82 0.24 3.55
2001 601 5.84 2.27 5.23 1.19 0.42 4.29 4.17 3.17 0.36 3.74
2002 686 5.33 2.32 2.95 0.56 0.41 1.89 3.98 2.91 0.05 3.23
2003 422 5.36 1.74 3.00 0.52 0.30 1.75 3.07 2.90 0.01 2.67
2004 562 5.47 2.81 3.13 0.83 0.45 1.87 4.77 2.98 0.06 2.78
Mean 547 5.42 2.50 3.43 0.88 0.46 2.31 4.32 2.97 0.13 3.31
Sx 83 0.27 0.48 0.81 0.27 0.09 0.95 0.77 0.27 0.14 0.45
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Table 5.2.3 Average annual throughfall and element fl uxes (TF) during the 7-year observation 
period 1998 – 2004 (kg ha-1).
Year Throughfall
mm
pH Na NH4-N K Mg Ca Cl NO3-N PO4-P SO4-S
kg ha-1
1998 355 5.61 5.08 2.76 9.19 2.08 6.28 10.73 3.71 0.00 5.61
1999 393 5.84 5.64 3.43 8.60 1.85 5.28 11.24 4.30 0.77 5.22
2000 356 5.62 5.53 2.19 5.78 1.52 4.94 10.44 3.01 0.34 4.22
2001 469 5.60 4.59 3.87 8.65 1.78 15.96 9.59 4.25 0.52 5.84
2002 578 5.83 5.29 3.53 10.08 1.77 6.53 10.80 3.89 0.81 5.07
2003 293 5.67 4.30 3.76 6.70 1.47 5.50 9.14 4.11 0.45 3.99
2004 381 5.86 5.78 3.05 10.23 2.13 5.23 12.05 3.64 0.57 4.13
Mean 404 5.72 5.17 3.23 8.46 1.80 7.10 10.57 3.84 0.49 4.87
Sx 93 0.12 0.55 0.60 1.66 0.25 3.95 0.98 0.45 0.28 0.75
Due to decreasing sulphur concentrations sulphate fl uxes declined from 3.3 kg to 2.8 
kg ha-1 in PC and from 5.6 kg to 4.1 kg ha-1 in TF during the monitoring period. On 
the other hand mean annual nitrogen input accounted for 6.4 kg ha-1, respectively 
460 molc ha
-1 in PC and 7.1 kg ha-1, respectively 500 molc ha
-1 in TF (cp.: Annex, Table 
5.2.2a - 5.2.3a), but obviously there is no distinct trend detectable.
The annual stemfl ow varied from 11 to 15 mm over the last two years and only 
accounted for 3 to 5 percent of throughfall measurements (Table 5.2.4). Hence, element 
fl uxes by stemfl ow contribute less than 5 percent to element input.
Table 5.2.4 Average annual element fl uxes in stemfl ow (SF) during the 2-year observation period 
2004 – 2005 (kg ha-1).
Year Stemfl ow
mm
pH Na NH4-N K Mg Ca Cl NO3-N PO4-P SO4-S
kg ha-1
2004 15 5.05 0.33 0.12 1.08 0.06 0.31 0.47 0.25 0.09 0.34
2005 11 5.79 0.36 0.02 0.58 0.03 0.17 0.56 0.07 0.03 0.19
Mean 13 5.42 0.35 0.07 0.83 0.05 0.24 0.51 0.16 0.06 0.27
Sx 3 0.52 0.02 0.08 0.36 0.02 0.10 0.06 +.13 0.04 0.11
Depending on meteorological conditions, runoff amounts differed from 3 mm in the 
year 2003 to 110 mm in the year 2002 with an annual average of 26 mm (Table 5.2.5). 
Values of pH stayed rather stable and only fl uctuated from 6.9 to 7.3 with a long-term 
average pH 7.1. Together with high Ca+ concentrations of 30 mg l-1 the carbonate-
bicarbonate buffer is indicated as the main soil buffering system in the subsoil.
However, bicarbonates are not included in chemical analyses at DE02 and therefore 
charge balance showed a positive surplus of about 210 molc ha
-1 yr-1 (Annex: Table 
5.2.5a) which has to be attributed to HCO3
- ions or organic acids as well.
Table 5.2.5 Average annual element fl uxes in runoff (RW) during the 7-year observation period 
1998 – 2004 (kg ha-1).
Year Runoff
mm
pH Na NH4-N K Mg Ca Cl NO3-N PO4-P SO4-S
kg ha-1
1998 20 6.88 1.16 0.00 0.15 0.38 6.58 0.15 0.31 0.00 0.89
1999 12 6.99 0.56 0.00 0.03 0.13 3.03 0.82 0.06 0.05 0.84
2000 10 7.11 0.52 0.00 0.03 0.13 2.76 0.86 0.44 0.04 0.47
2001 21 6.92 1.30 0.01 0.04 0.29 7.83 2.06 0.40 0.08 2.26
2002 110 7.18 6.51 0.06 0.14 1.52 26.51 7.05 6.01 0.35 6.65
2003 3 7.26 0.18 0.00 0.01 0.04 0.78 0.26 0.17 0.01 0.19
2004 8 7.27 0.48 0.00 0.01 0.12 1.84 0.79 0.49 0.03 0.38
Mean 26 7.09 1.53 0.01 0.06 0.37 7.05 1.71 1.13 0.08 1.67
Sx 37 0.16 2.23 0.02 0.06 0.52 8.95 2.43 2.16 0.12 2.30
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Critical Loads
Under the UNECE Convention on Long-range Transboundary Air Pollution (CLRTAP) 
impacts of acidifi cation and eutrophication and their environmental effects are one 
of the main objectives. In this context the critical loads approach is used for defi ning 
pollution reductions to protect ecosystems and other biological or abiotic receptors. 
Critical loads are compared with acidifying or eutrophying depositions to determine 
the excess deposition above the critical load, i.e., the exceedance, which indicates risks 
but not immediate effects of air pollution.
Empirical critical loads of sulphur and nitrogen are shown as medians in Figure 1 
(CCE 2003). For soils containing free carbonates as observed in the DE02 catchment 
critical loads of acidity do not play a crucial role and can be neglected. Compared to 
the EMEP critical loads of nutrient nitrogen (CLnutN)
1, N in wet deposition of DE02 
accounted to 7.3 kg ha-1 yr-1, respectively 520 molc ha
-1 yr-1. Assuming a plant uptake 
of about 10 kg N ha-1yr-1 (Jacobsen et al. 2003) it can be supposed that most of the 
deposited N will probably be consumed by N-sinks of uptake (u), denitrifi cation 
(den), leaching (le) and immobilisation (imm). Low N-fl uxes in runoff waters are 
confi rming these on-site fi ndings. In Neuglobsow it seems that other important risks, 
e.g., climatic impacts with signifi cant changes in precipitation, temperature and water 
supply have to be equally regarded in the future.
1 CLnut(N) = Nu + Nden + Nle(tol) + Nimm
Figure 5.2.1 The medians of the maximum critical loads of sulphur (left) and of the critical loads of nutrient 
nitrogen (right) on the EMEP 50 grid (CCE 2003).
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Annex
Table 5.2.2a Average annual precipitation and element fl uxes during the 7-year observation period 
1998 – 2004 (kmolc ha
-1).
Year Precipitation
mm
pH Na NH4-N K Mg Ca Cl NO3-N PO4-P SO4-S
kmolc ha
-1
1998 500 5.06 0.10 0.22 0.02 0.04 0.07 0.12 0.18 0.00 0.21
1999 537 5.20 0.14 0.25 0.02 0.05 0.11 0.16 0.24 0.01 0.24
2000 519 5.69 0.12 0.22 0.03 0.05 0.13 0.13 0.20 0.02 0.22
2001 601 5.84 0.10 0.37 0.03 0.03 0.21 0.12 0.23 0.12 0.23
2002 686 5.33 0.10 0.21 0.01 0.03 0.09 0.11 0.21 0.00 0.20
2003 422 5.36 0.08 0.21 0.01 0.03 0.09 0.09 0.21 0.00 0.17
2004 562 5.47 0.12 0.22 0.02 0.04 0.09 0.13 0.21 0.00 0.17
Mean 547 5.42 0.11 0.25 0.02 0.04 0.12 0.12 0.21 0.01 0.21
Sx 83 0.27 0.02 0.06 0.01 0.01 0.05 0.02 0.02 0.01 0.03
Table 5.2.3a Average annual throughfall (TF) and element fl uxes during the 7-year observation 
period 1998 – 2004 (kmolc ha
-1).
Year Throughfall
mm
pH Na NH4-N K Mg Ca Cl NO3-N PO4-P SO4-S
kmolc ha
-1
1998 355 5.61 0.22 0.20 0.23 0.17 0.31 0.30 0.27 0.00 0.35
1999 393 5.84 0.25 0.24 0.22 0.15 0.26 0.32 0.31 0.05 0.33
2000 356 5.62 0.24 0.16 0.15 0.13 0.25 0.29 0.22 0.02 0.26
2001 469 5.60 0.20 0.28 0.22 0.15 0.80 0.27 0.30 0.03 0.36
2002 578 5.83 0.23 0.25 0.26 0.15 0.33 0.30 0.28 0.05 0.32
2003 293 5.67 0.19 0.27 0.17 0.12 0.27 0.26 0.29 0.03 0.25
2004 381 5.86 0.25 0.22 0.26 0.18 0.26 0.34 0.26 0.04 0.26
Mean 404 5.72 0.23 0.23 0.22 0.15 0.35 0.30 0.27 0.03 0.30
Sx 93 0.12 0.02 0.04 0.04 0.02 0.20 0.03 0.03 0.02 0.05
Table 5.2.4a Average annual element fl uxes in stemfl ow (SF) during the 2-year observation period 
2004 – 2005 (kmolc ha
-1).
Year Stemfl ow
mm
pH Na NH4-N K Mg Ca Cl NO3-N PO4-P SO4-S
kmolc ha
-1
2004 15 5.05 0.01 0.01 0.03 0.01 0.02 0.01 0.02 0.01 0.02
2005 11 5.79 0.02 0.00 0.01 0.00 0.01 0.02 0.00 0.00 0.01
Mean 13 5.42 0.02 0.00 0.02 0.00 0.01 0.01 0.01 0.00 0.02
Sx 3 0.52 0.00 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.01
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Table 5.2.5a Average annual element fl uxes in runoff (RW) during the 7-year observation period 
1998 – 2004 (kmolc ha
-1)
Year Runoff
mm
pH Na NH4-N K Mg Ca Cl NO3-N PO4-P SO4-S
kmolc ha
-1
1998 20 6.88 0.05 0.00 0.00 0.03 0.33 0.00 0.02 0.00 0.06
1999 12 6.99 0.02 0.00 0.00 0.01 0.15 0.02 0.00 0.00 0.05
2000 10 7.11 0.02 0.00 0.00 0.01 0.14 0.02 0.03 0.00 0.03
2001 21 6.92 0.06 0.00 0.00 0.02 0.39 0.06 0.03 0.01 0.14
2002 110 7.18 0.28 0.00 0.00 0.13 1.32 0.20 0.43 0.02 0.41
2003 3 7.26 0.01 0.00 0.00 0.00 0.04 0.01 0.01 0.00 0.01
2004 8 7.27 0.02 0.00 0.00 0.01 0.09 0.02 0.04 0.00 0.02
Mean 26 7.09 0.07 0.00 0.00 0.03 0.35 0.05 0.08 0.01 0.10
Sx 37 0.16 0.10 0.00 0.00 0.04 0.45 0.07 0.15 0.01 0.14
5.3 
Report of national ICP IM activities in Latvia
Iraida Lyulko, Marina Frolova, Iveta Shteinberga
Observational Network Department
Latvian Environment, Geology and Meteorology Agency
165, Maskavas Str., LV-1019, Riga, LATVIA
e-mail: epoc@meteo.lv
Introduction
The ICP IM programme works continued in 2005-2006 at two ICP IM sites, Rucava 
(LV01) and Zoseni (Taurene) (LV02). The ICP IM programme activities in 2006 covered 
the AM, AC, PC, TF, SF, SW, GW, RW, RB, LF, FC, AL, VG, FD, EP subprogrammes. 
Major activities under the programme in 2005 
Major programme activities focused at:
• QA/QC of sampling and analysis;
• co-operative activities under the CP Integrated Monitoring, ICP Forest, ICP 
Measurement and Modeling and ICP Vegetation programmes.
These 2 major directions involved:
• 7 intercomparison exercises (WMO/GAW Acid Rain 31,32,33; ICP Waters/
NIVA; 23 EMEP/ NILU; ICP Forests 2nd Working Ring Test; 8th Needle/Leaf 
Test 2005);
• continuation of NO2 and benzene measurements (monthly exposure) with 
diffusive sampling in the ambient air at the IM and EMEP stations; 
• Commencement of automatic water level measurements in the streams in the 
IM areas Rucava and Zoseni; 
• Comparison analysis of the air sulphur dioxide and nitrogen concentrations 
measured at the ICP IM sites and the EMEP stations with data from the ICP 
Forests Level II sites;
• Acquisition of provisional data on the sulphur and nitrogen critical loads on the 
forests of Latvia under the European Union, Twinning Project “Data reporting 
on acidifi cation, eutrophication and integrated pollution”;
• Sampling and analysis of mosses for heavy metals under the ICP IM and ICP 
Vegetation programmes.
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Summary of some results
Intercomparisons 
The results of intercomparisons were good, except for inadequate measurements 
of heavy metals in the water, especialy for Cd, Pb and Ni (ICP Waters/NIVA). The 
reasons were: very low heavy metal concentrations in the samples and inadequate 
sensitivity of the fl ame atomic absorption to determine such low concentrations.
Unstable determination was shown for Ca, Mg, K in the precipitation (WMO/GAW 
and ICP Forests) and for HNO3 and NH3 in the air (EMEP).
Air and precipitation quality: ICP IM and ICP Forests areas
Figure 5.3.1 Average concentrations of NO2 and SO2, 2004-2005 (pachy-diffusive sampling, black- active sampling).
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The NO2 average concentrations are on the same level both in the ambient air of the 
ICP Forests and the ICP IM sites; the NO2 and SO2 average concentrations are 1.5-2 
-fold higher on average than at the EMEP stations (Figure 5.3.1) . 
The precipitation in open area and in throughfall varies from weakly acid at ICP 
Forests and IM Rucava sites to neutral at IM Zoseni. The stemfl ow precipitation at 
ICP Forests and IM sites is acid - weakly acid. Much lower values of pH and high 
values of SO4S and base cations feature precipitation falling at the IM Rucava in 
south-western Latvia (Figure 5.3.2).
Critical loads of acidifi cation and eutrophication on the forest ecosystem 
The critical loads of acidifi cation (caused by sulphur (S) and nitrogen (N) deposition) 
and eutrophication (N) on the ecosystem type “forest” have been calculated in Latvia. 
The simple mass balance was used for the fi rst calculation. 
According to the data, calculations and simulations, the critical load of acidifi cation 
in Latvia is high (Figure 5.3.3). The critical loads for acidifi cation are not exceeded 
in any parts of Latvia. Therefore, acidifi cation does not seem to be a problem in the 
future.
Figure 5.3.2 Average pH values and concentrations of 
SO4-S and base cations in precipitation 2004-2005.
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The situation is different for eutrophication. The calculated critical loads 
of eutrophication on forested ecosystems are much lower, and there are also no 
exceedances. 
The measurement results from ICP IM programme were used in 2005:
• Lyulko, I., Frolova, M. 2005. Comparison analysis of modeled and measured total 
depositions over the territory of Latvia. In: Hunová, I., Ostatnická, J., Dostálová, 
Z. and Navrátil, T. (eds.). Conference Abstracts, Acid Rain 2005, 7th International 
Conference on Acid Deposition, Prague, Czech Republic, June 12-17, 2005, p. 45. 
ISBN 80-86690-25-3. (abstract)
• Lyulko, I., Frolova, M. 2005. Heavy metal assessments at Latvia’s EMEP stations. 
Presented at the EMEP/TFMM Workshop on HM/POPs model review in 
Moscow, Russia.
Future work
• 2006 ICP IM data reporting to the IM database;
• Commencement of observations of visible ozone injury on white clover under 
the ICP Vegetation programme (including the sites in Rucava and Zoseni);
• Application of new passive type samplers for collection of samples of ambient 
air at background stations and urban territories for analysis of persistent toxic 
substances under a long-term research project implemented by the Research 
Centre of Excellence for Environmental Chemistry and Ecotoxicology (Czech 
Republic) for the determination of spatial and temporal variations of the POPs 
level in ambient air and for getting information of the POPs issues in Latvia;
• Calculation of the critical load of mercury;
• Implementation of Inductively Coupled Plasma Mass Spectroscopy for the 
determination of metals at the background level;
• Automatization of meteorological measurements at the EMEP station Rucava
Figure 5.3.3 Average Clmax(N) and CLmax(S) concentrations in EMEP grid cells.
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Contact information
National Focal Point: Latvian Environment, Geology and Meteorology Agency 
(LEGMA).
Programme co-ordinator: I. Lyulko, Head, Observational Network Department 
(OND), LEGMA, e-mail: epoc@meteo.lv 
Data collection and evaluation: M. Frolova, OND, LEGMA, e-mail: epoc@meteo.lv
Responsibility for the implementation of the ICP IM subprogrammes:
• Latvian Environment, Geology and Meteorology Agency: Climate, Air Chemistry, 
Precipitation Chemistry, Throughfall, Stemfl ow, Runoff Water Chemistry, 
Groundwater Chemistry, Hydrobiology of Streams.
• University of Latvia ( Dr. O. Nicodemus): Soil, Soil Water, Litterfall Chemistry, 
Foliage Chemistry, Metal Chemistry of Mosses.
• University of Latvia (Dr. M. Laivinsh): Vegetation, Forest Damage, Trunk 
Epiphytes, Forest Stand Inventory, Vegetation Structure and Species Cover.
Responsibility for the implementation of the ICP Forests programme at Level II: 
• State Forest Service (Ieva Zadeika)
Responsibility for the implementation of the ICP Modelling and Mapping 
programme:
• Latvian Environment, Geology and Meteorology Agency (Iveta Shteinberga)
5.4 
Report on national ICP IM activities in Lithuania 
A. Augustaitis1, D. Sopauskiene2, R. Girgzdiene2, I. Baužienė3, K. Arbaciauskas4, I. 
Eitminaviciute4 ,R. Mazeikyte4
1 Lituanian University of Agriculture, LT-53362 Kaunas dstr., Lithuania, 
e-mail: august@nora.lzua.lt 
2 Institute of Physics, Savanoriu 231, LT-02300, Vilnius, Lithuania,
e-mail: daliasop@ktl.mii.lt 
3 Institute of Geology and Geography, T. Sevcenkos 13, LT-02300, Vilnius, 
Lithuania, e-mail: bauziene@geo.lt,
4 Vilnius University Institute of Ecology, LT-08412, Vilnius, Lithuania,
e-mail: arbas@ekoi. lt, dirva@ekoi. Lt, reda@ekoi.lt
Introduction
Ozone (O3) air pollution has been recognized as major phytotoxic agent from North 
America to Europe since the 1980s. This toxicant may strengthen the negative effect 
of air pollution (SO2 and NOx), and drought especially over the warm period. This 
makes the estimation of the ozone effects on biota very subtle and elusive. Therefore 
the data on pollutants, meteorology, tree condition, abundance and specifi c diversity 
of ground vegetation, soil micro arthropods, stream invertebrates and small mammals 
(rodents and small mammals) which have been collected on two Integrated monitoring 
stations representing different landscape types of Lithuania since 1994 were used to 
achieve the objectives of the study in 2006.
In the year 2005, air chemistry, precipitation chemistry, throughfall chemistry, soil 
water, groundwater, runoff and litterfall chemistry, concentration of heavy metals 
in precipitation, needles (leaves), litterfall and mosses as well as tree condition, 
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biodiversity and abundance of epiphytic lichens and ground vegetation, PAR and 
hydrobiology of streams were investigated. 
Temporal changes in ground level ozone 
The spatial variations in monthly ozone values at the stations LT01 and LT03 were 
very similar (Figure 5.4.1). However, the differences in maximum values of ozone 
were more notable. This difference could be related to the local conditions. No 
signifi cant trend was detected in temporal changes in the monthly values of ozone 
at these stations. The ozone measurements at LT02 from 1994 to 1996 confi rmed the 
observation of high ozone concentration during this period in Lithuania.
Concentration of O3 among the concentrations of other monitored pollutants 
reached the closest to critical phytotoxic level. The AOT40 target values of 18000 
μg/m3⋅h for the protection of vegetation were not reached in Lithuania during 1994-
2005. The critical level 20000 μg/m3⋅h for the protection of forest was observed only 
at the LT01 in 1999. The long-term objective for the protection of vegetation 6000 
μg/m3⋅h was exceeded at both stations, however, during the last years this level was 
not exceeded. 
Figure 5.4.1 The variations in monthly mean and maximum ozone concentrations.
Temporal changes in acidity compounds in the air and acid 
deposition
Between 1994 – 1997 acidity of precipitation decreased due to decrease in SO4
2- 
concentration in both precipitation and air (approximately 80 %). pH values increased 
from 4.4 to 5.3. For the period 1997 - 2001 pH values in precipitation were rather 
stable. Within the next three - year period the data indicated a slight increase in 
the acidity of precipitation. pH values reached 4.8. Increase of nitrate in the air and 
precipitation, which became the main acidifying component of the precipitation 
instead of decreased sulphur compounds, resulted in these changes. Over this 
last period a decrease in Ca2+ concentration in precipitation might have had some 
additional impact on precipitation acidity. Despite in 2005 Ca2+ concentration in 
precipitation decreased to 0.18 mg/l, precipitation pH increased by 4% to 5.11 at LT01 
and 4.88 at LT03. Key factors contributing precipitation acidity were changes in the 
main acidifying components.
In 2005 concentration of SO4
2- in precipitation remained stable at the 0.37 mgS/l 
level, whereas concentration of NH4
+ increased by 22% and NO3
- decreased by 7 % 
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and were 0.34 and 0.27 mg N/l, respectively, at LT01. At LT03 concentration of SO4
2- 
continuously decreased to 0.34 mg S/l (13 % if compared with 2004 level). Decrease 
in concentration of N compounds was also registered at this station – NH4
+ up to 0.29 
mg N/l (15%), and NO3
- up to 0.35 mg N/l (12%). 
Chemical composition of Groundwater, Soil Water and Stream 
Runoff Water in Relation to Deposition Changes
Precipitation amount over the last few year period was quite stable if compare with 
1999-2002 period. In 2005 at LT01 and LT03 it almost reached climatic norm (648mm 
in LT01 and 867mm in LT03). This precipitation regime had signifi cant impact on 
the storage of water in the soil, which in 2002 was one of the lowest over the whole 
investigation period. Since then continuous growth of the ground water level has 
been observed. 
Over the period when precipitation amount was very low (2001-2003) reduction 
in concentrations of the main chemical compounds in soil water were observed. In 
the last two years when amount of precipitation increased, considerably increased 
concentrations of many macro elements were observed at both stations. Only Ca2+, SO4
2- 
concentrations in soil water had a tendency to decrease. Increase in total phosphorus 
and ammonia was the most signifi cant. Increase of ammonia deposition over the last 
year could have had a direct effect on concentrations of these compounds in the soil 
water. Water pH had a tendency to increase (LT01) or has been stable for the last few 
years (LT03).
Decrease in the main components of pollution (S, P and N) was common in 
ground water at both stations. These changes resulted in the water pH and alkalinity 
increase.
The most evident changes in stream runoff water yield were observed at both 
stations over the last year and reached the highest value over the whole investigated 
period. SO4
2- and NO3- concentration in runoff water had a tendency to decrease, 
whereas NH4+ – to increase. These changes could have resulted in the increase of 
water pH, which exceeded in the last year 7.5.
Outfl ow of S, Cl, Ca, Mg, Na, K continuously increased if compared with previous 
year especially at LT03. At LT01 this process was not so evident. 
The changes in N concentrations in soil, ground and runoff water were similar to 
changes in N deposition. Till 2000 its concentration decreased, afterwards was quite 
stable or some increase was registered. The increase of stream runoff and N deposition 
resulted in the increase of N output with runoff water. Rivulet yield and N deposition 
statistically signifi cantly resulted in N output with runoff water. Mass balance of 
the total N which includes input of N with deposition and decayed organic matter, 
losses with runoff water and accumulation in biota indicated that at both stations 
mass balance of N was positive. 
Tree Crown Condition, Underground Vegetation, Stream 
Macroinvertebrates 
The obtained data indicated that in 1996 mean defoliation of trees reached the highest 
level over the whole period under investigation: in LT01 30.7±0.7%, in Dzukija IM site 
(LT02) 35.6±0.9% and in LT03 26.4±0.9%. Afterwards until 2001 signifi cant decrease 
in defoliation was observed (in LT01 to 23.2±0.4%; in LT02 to 30.0±0.8%; in LT03 to 
20.3±0.6%). Between 2001 and 2003 increase in defoliation was recorded (in LT01 up 
to 26.2±0.6%; in LT03 up to 22.2±0.6%). In the last two years tree crown defoliation in 
LT03 continuously increased up to 24.9±0.9% whereas in LT01 defoliation was stable 
at the level of 23.1±0.6%. 
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Over the whole period of investigations at LT01 defoliation of Scots pine and 
Birch (Betula spp.) trees was lowest 16.1±0.9% and 20.7±1.8% respectively. At LT03 
defoliation of these trees was 23.9±1.7% and 22.4±2.6% respectively. Defoliation of 
spruce (Picea abies Karst.) trees was highest: LT01 25.9±0.7% and LT03 25.2±0.8%. 
Data for the whole stream monitoring period revealed increasing trends in biomass 
and biodiversity. However, in 2005, biotic indexes and biomass at Aukštaitija IM site 
(LT01) were close to those measured in 2004, but lower in comparison to the same 
indicators observed during 2001 and 2003. The ecological quality of stream at LT01 
seems to be slightly reduced with respect to biotic indexes. The decrease in biomass 
was primarily related to lower numbers or absence of cadisfl ies in collected samples. 
Also, a smaller number of benthic taxa was found during 2005. Biotic characteristics 
at LT03 showed perfect stream ecological quality and were similar to those observed 
earlier. In 2005, however, a higher biomass of benthic community was observed when 
compared with previous years. This was determined by higher densities and biomass 
of cadisfl y larvae and amphipods, especially during the fall.
Biota in Relation to Environmental Pollution
Due to the growth of importance of ambient ozone effects on biota in forest ecosystems 
the main aim of this study was to investigate the changes in tree crown defoliation, 
understorey vegetation, soil micro arthropods (pedobionts), small mammals and 
stream macro invertebrates in relation to changes in O3 concentration.
In the 2005 report we presented data on the effect of acidifying compounds in the 
air and their deposition on biota from 1994 to 2004. The same relationships detected 
between pollution compounds and different components of the biota indicated 
causative effect of the regional pollution load. Decrease in signifi cance of pollutant 
effects from on most sensitive components of biota (lower life form – plant and 
pedobionts) to on least sensitive (higher life form – small mammals) proved this 
statement. 
Obtained data indicated that ambient ozone, especially the highest concentration 
had negative and statistically signifi cant effect on different components of biota. Most 
sensitive to ozone effect were pine and birch trees. Correlation coeffi cient between the 
highest value of ozone and defoliation of these species was 0.47-0.55 when p<0.05. 
Impact of ozone on spruce trees was lower and not signifi cant (r=0.35).
Signifi cant relationships were detected between ozone and specifi c diversity of 
pedobionts. Oribatidas were the most signifi cant among them. Correlation coeffi cient 
exceeded 0.7 (p<0.05). Sensitivity of other arthropods was lower. Correlation coeffi cient 
between ozone concentration and specifi c diversity of Collembolas, Acaridias and 
Gamasinas reached 0.4 when p<0.05. Signifi cant effect was estimated on M/H relation. 
The higher the concentration level of ambient ozone the lover was the diversity and 
the higher was the M/H relation. This process had additional negative effect on tree 
condition.
Same negative effect of ozone was detected on small mammals as well. The highest 
correlation coeffi cient was detected between specifi c diversity and the highest value 
of ozone concentration. In our opinion this effect could be explained not by direct 
effect on small mammals, but fi rst of all by indirect effect – negative effect on plants 
i.e., on the main nutrition sources.
The effect of ambient ozone is most subtle on stream invertebrates. There is some 
suggestion that due to the effect on phytoplankton, stream benthos fauna changes as 
well. The obtained data revealed this tendency. However, no signifi cant relationships 
were detected. Estimated trends in benthic diversity correlated well with the changes 
in acidity of stream water as well as precipitation and atmospheric pollution of SO2 
or SO4
2-.
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Estimated concentration of ozone in the air did not reach the critical level, 
exceedance of which should result in dramatic changes in biota. However, the data 
obtained from these investigations indicate that these concentrations in the air as well 
as acidifying compounds and acid deposition which are below critical level can result 
in signifi cant changes in biota. Further studies in the fi eld should provide direct and 
indirect evidence that moderate ozone levels can directly affect different components 
of biota as well as increase negative effect of acidifying compounds and drought.
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5.5 
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Introduction
The monitoring of air pollutants and their effects on ecosystems in Norway constitutes 
a comprehensive activity, with monitoring programmes on air quality, surface water, 
soils, forests and fauna (aquatic and terrestrial). Several institutions are involved 
of which NILU, NIVA, Skogforsk and the University of Bergen undertake most of 
the activities aimed to support the Convention on Long-range Transboundary Air 
Pollution (CLRTAP) and its Working Group on Effects (WGE). Studies of atmospheric 
deposition, surface water chemistry, aquatic biology (invertebrates) and forest 
condition are performed at approx. 20 sites to support the ICP Waters and ICP Forest 
programmes respectively. From two of these sites (Birkenes and Kårvatn) data are 
also reported to support the ICP Integrated Monitoring. In general, all available data 
derived from these activities are used to evaluate cause-effect relationships, while 
specifi c evaluations based on ICP IM data alone have not been prioritised. In this note, 
a general description on the WGE-related activities at Norwegian sites is presented 
with indication of plans for future assessments. 
Summary of results from the Norwegian monitoring programme 
on acid deposition (SFT, 2005) 
Air
Emissions of SO2 in Europe have decreased by about 61% since 1980, 49% since 1990. 
The emissions of nitrogen oxidesand ammonia increased up to 1990 but have decreased 
since then by about 26 and 23% respectively (EMEP 2004). The observed reductions 
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in concentration levels are in agreement with these reported downwards trends in 
pollutant emissions in Europe. Since 1980 the content of sulphate in precipitation 
decreased by 64-78%. Similar reductions in airborne concentrations were between 
81- 94% and 66-75% for sulphur dioxide and sulphate, respectively. There is no clear 
tendency for the concentrations of the different nitrogen compounds, except for 
nitrogen dioxide that has signifi cantly decreased in the last 10 years.
Water
The decrease in sulphate in deposition has caused a decrease in sulphate in lakes 
and rivers of 33-70% from 1980-2004. 2004 in general showed the lowest sulphate 
concentrations in lakes and rivers measured during the monitoring programme (since 
1980). As a consequence, the acidifi cation situation in lakes and rivers has shown a 
clear improvement in the 1990s with increases in pH and ANC (Acid Neutralising 
Capacity) and a decrease in inorganic (toxic) aluminium. There is a signifi cant decrease 
in nitrate in all regions south of central Norway, although the yearly changes are small. 
There is a marked shift in nitrate concentrations in the period 1997 to 2004, compared 
with the years before 1997. The slight increase in TOC during the 90s has now levelled 
off, but the overall changes from 1990 to 2004 are still signifi cantly increasing for most 
regions in Norway.
Aquatic fauna
Invertebrates
The invertebrate monitoring in rivers demonstrated that acidifi cation damages 
continue to decrease. The improved conditions are refl ected by increased biodiversity 
and distribution of acid-sensitive invertebrates in areas which earlier were heavily 
damaged. Regional differences have become smaller during the last years. This 
indicates that the most impacted watersheds have improved. 
The monitoring of benthic invertebrates as well as planktonic and littoral 
microcrustaceans in lakes (1996-2004) confi rm the general trend that watersheds in 
southernmost Norway are more damaged than those situated further north and in the 
central mountain areas of Southern Norway. Several formerly chronically acidifi ed 
lakes have improved during the last years, both with respect to occurence of acid 
sensitive fauna and biodiversity. Many of the populations are, however, still weak 
and unstable and therefore the ecological status of these lakes are unchanged. For 
some few sites the improvements are unambiguous, indicating that the invertebrate 
fauna is now recovering in these lakes.
Fish
The status of fi sh populations in Norwegian lakes was based on questionnaires, 
mainly in the early 1990s. The number of lost and damaged populations of the six 
most common species of fi sh in Norwegian lakes greater than 3.0 ha were estimated 
to be about 9600 and 5400, respectively. Brown trout has suffered the most severe 
damage with a total of about 8200 lost stocks. Lakes in southernmost Norway, i.e. 
the counties Aust-Agder and Vest-Agder, have suffered the highest damage with 
nearly 6000 lost stocks (62 %). Test-fi shing with gill nets in lakes in both southern 
and northern Norway, indicate an increase in fi sh abundance. However, some fi sh 
populations have also decreased in density. The density of young brown trout in 
tributary streams to lakes was assessed by means of electrofi shing in three watersheds. 
The density of young brown trout in tributaries to lakes in Vikedal and Bjerkreim 
watersheds in southwestern Norway (Rogaland county) have increased signifi cantly 
in recent years. Several brown trout populations in these two areas have also to some 
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extent recovered. However, for streams in Gaular watershed in western Norway, no 
such positive response for young brown trout has so far been registered. 
Terrestrial ecosystems
Forest
Crown condition has been stable for the last seven years. Crown condition is 
determined by a number of factors and stresses, such as age, diseases (e.g. various 
fungi), growth conditions and climatic stress (drought and frost). When trees show 
signs of poor health, this is often due to an interaction of some of these natural causes. 
The variation we have seen during the last years is mainly caused by fungi and 
insect attacks that were largely due to a combination of climatic stress to trees and 
a favourable climatic environment for the fungi and insects. Effects of air pollutants 
may come in addition to or interaction with these factors. The effect of pollutants on 
forest condition is hard to estimate, because their effect has been small compared 
with those of other factors. In the future, effects of climate change may play a larger 
role. Results from ecological investigations on the intensive monitoring plots suggest 
that the forest environment is stable, and that there are, as usual, large fl uctuations 
from year to year in some measurements, probably within the normal variation for 
boreal coniferous forests.
Terrestrial fl ora and fauna
Ground vegetation and epiphyte monitoring was not conducted in 2004. Golden 
eagles and gyrfalcons at the monitoring sites exhibited similar patterns of production 
at southern polluted sites compared to northern sites. There is no indication that 
population variation in passerine birds is signifi cantly different in southern compared 
to northern areas. Hatching success of pied fl ycatchers has for several years been at 
comparable levels in southern and northern sites. 
The acidifi cation status in Norway for 2004 was reported in 
SFT 2005. Monitoring of Long Range Transported Air Pollutants and Precipitation. Annual report 2003. 
Ed Skjelkvåle, B.L NIVA. Norwegian Pollution Control Authority (SFT), Oslo. Report 931/2005. (In 
Norwegian)
Other relevant reports, articles and conference abstracts using ICP-IM data
Fagerli, H. and Aas, W. 2005. Comparison of modelled and observed trends of nitrogen in air and 
precipitation in Europe, 1980-2002. In: Hunová, I., Ostatnická, J., Dostálová, Z. and Navrátil, T. (eds.). 
Conference Abstracts, Acid Rain 2005, 7th International Conference on Acid Deposition, Prague, Czech 
Republic, June 12-17, 2005, p. 88. ISBN 80-86690-25-3. (abstract)
Hole, L.R. and de Wit, H (2006) A regional perspective on main drivers of N deposition. NitroEurope (NEU) 
Kick Off Meeting, Garmisch Partenkirchen, Germany, 13-19 March 2006. NILU poster - PP 02/2006 
Skjelkvåle, B.L., Stoddard, J.L., Jeffries, D.S., Tørseth, K., Høgåsen, T., Bowman, J., Mannio, J., Monteith, 
D.T., Mosello, R., Rogora, M., Rzychon, D., Vesely, J., Wieting, J., Wilander, A. and Worsztynowicz, A., 
2005. Regional scale evidence for improvements in surface water chemistry 1990-2001. Environ. Pollut., 
vol. 137, 165-176.
Sjøeng, A.M.S., Kaste, Ø. and Tørseth, K. 2005. N leaching from small catchments with different ecotypes 
in SW Norway. In: Hunová, I., Ostatnická, J., Dostálová, Z. and Navrátil, T. (eds.). Conference Abstracts, 
Acid Rain 2005, 7th International Conference on Acid Deposition, Prague, Czech Republic, June 12-17, 
2005, p. 672. ISBN 80-86690-25-3. (abstract)
Solberg, S., Derwent, R. G., Hov, Ø., Langner, J. and Lindskog, A., 2005. European abatement of surface 
ozone in a global perspective. Ambio, vol. 34, no. 1, 47-53.
Solberg, S., Coddeville, P., Forster, C., Hov, Ø., Orsolini, Y. and Uhse, K., 2005. European surface ozone in 
the extreme summer 2003. Atmos. Chem. Phys. Discuss., 5, 9003-9038. 
De Wit, H., Larssen, T., Kaste, Ø. and Aas, W. Trends in fl uxes and concentrations of main chemical 
compounds in three calibrated catchments in Norway. In: Hunová, I., Ostatnická, J., Dostálová, Z. 
and Navrátil, T. (eds.). Conference Abstracts, Acid Rain 2005, 7th International Conference on Acid 
Deposition, Prague, Czech Republic, June 12-17, 2005, p. 534. ISBN 80-86690-25-3. (abstract)
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5.6 
Report on national ICP IM activities in Sweden
Lundin, L.1, Aastrup, M.2, Bringmark, L.1, Grandin, U.1, Hultberg, H.3, Pihl-
Karlsson, G.3, Larsson, P-E.1, Lewin.Pihlblad, L.2, Löfgren, S.1 and Thunholm, B2.
1 Department of Environmental Assessment, SLU, Box 7050, SE-750 07 Uppsala, 
Sweden, e-mail: Lars.Lundin@ma.slu.se
2 Geological Survey of Sweden, SGU, Box 670, SE-751 28 Uppsala, Sweden.
3 Swedish Environmental Research Institute, Box 47086, SE-402 58 Gothenburg, 
Sweden.
The programme is funded by the Swedish Environmental Protection Agency.
Introduction
Swedish integrated monitoring programme is run on four sites distributed from 
south central Sweden (SE14) over the middle part (SE15), to a northerly site (SE16) 
representing north Sweden. The long-term monitoring site SE04 Gårdsjön F1 is 
complementary on the inland of the West Coast and has been suffering from long-
term high deposition loads. The Swedish group now compiled results from the four 
Swedish IM sites for the year 2004. The sites are well-defi ned catchments with mainly 
coniferous stands dominated by bilberry spruce forests on glacial till deposited above 
the highest coastline, meaning no water sorting of the soil material. Forest stands are 
mainly over 100 years old and at least three of them have several hundred years of 
natural continuity and were up to c. 50 years ago partly lightly grazed woodlands. 
Both climate and deposition gradients coincide with site distribution from south 
towards north (Table 5.6.1).
Table 5.6.1. Geographic location and long-term climate at the Swedish IM sites.
SE 04 SE 14 SE 15 SE 16
Latitude; Longitude N 58° 03´ 
E 12° 01´
N 57° 05´
E 14° 32´
N 59° 45´
E 14° 54´
N 63°51´
E 18°06´
Altitude, m 114-140 210-240 312-415 410-545
Area, ha 3.7 19.6 19.1 45
Mean annual temp., oC + 6.7 + 5.8 + 4.2 + 1.2
Mean annual precipitation, mm 1000 750 900 750
Mean annual evapot., mm 480 470 450 370
Mean annual runoff, mm 520 280 450 380
In the following, some special conditions in 2004 and ongoing work for the four 
Swedish IM sites are presented.
Climate and Hydrology
Temperature values at the northern sites SE15 and SE16 were +0.2 oC and 2.7 oC higher 
compared to long-term averages, respectively. At the southern IM sites SE04 and 
SE14, the temperatures were 0.7 oC and 0.3 oC lower compared to long-term averages, 
respectively. Precipitation amount was higher than average in the south, especially 
for summer, while winter was fairly normal. A very high monthly precipitation (260 
mm) was recorded in July at SE14, which is 170 mm higher than normal. For the 
northern sites the precipitation was fairly normal with only 10% higher precipitation 
at SE15.
The characteristic annual hydrological patterns of the catchments are high 
groundwater levels during winter and lower levels in summer and early autumn. 
This pattern was mainly refl ected also in the runoff. However, warm periods in 
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winter at the northern site SE16 furnished snowmelt and runoff in winter refl ected 
in a fairly low spring snowmelt period. Runoff made up 37-58% of 2004 annual 
precipitation that could be compared to the 2002 values of 40-47% and 2003 values 
26-70%. High rates occur especially in the colder northern site. Mainly, the runoff 
could be considered normal, only SE15 had slightly lower runoff. 
Water chemistry
Low ion content characterises the deposition and throughfall for the three inland sites 
(c. 2 mS/m) while sea salt provides higher ion content at SE04 on the west coast (TF 
6.7 mS/m). Water pathways through the soils of the catchments are fairly short and 
most of the surface water formation depends on short connections between infi ltration 
and surface water formation. Acidity in the deposition was mainly the same at all sites 
with slightly higher pH (0.1 - 0.3 units) in throughfall compared to bulk deposition 
(pH c. 4.8). Chemical reactions during water fl ow through the catchments buffered 
the acid water fairly little and pH values in the stream water were below 4.6 in the 
three southern sites while in the northern site SE16 pH in stream water was c. 5.7 
with an ANC of c. 0.09 meq/l. At SE14, the pH value did not change very much 
from deposition to stream water but ANC was added dependent on increased DOC 
and reached 0.10 meq/l. Organic anions contribute to positive ANC in stream water 
of three of the catchments, but in SE15 with low DOC, the ANC is negative (-0.011 
meq/l).
Anion deposition varied between the sites with Cl being the dominant ion except 
for the northern site SE16. In the soil water, the dominating inorganic anion was SO4 
in the two northern sites. Chloride showed highest stream water values in SE04 and 
SE14. Sulphate was released from the soil and provided higher values compared to 
deposition in stream water at all sites. Organic anions dominated stream water in 
SE16 while it only reached up to 25% of the anion content at the other sites.
Base cations showed infl uence from sea salt with sodium being the largest ion both 
in deposition and stream water followed mainly by calcium and magnesium in equal 
shares. Aluminium in stream water varied between 0.5-0.7 mg/l in the three southern 
sites with pH 4.3-4.6 while at the northern SE16 site with pH 5.7, Al was only 0.22 
mg/l. Inorganic Al was dependent partly on acidity but also on organic compounds 
mitigating high inorganic Al content being 39%, 27%, 54% and 9% at SE04, SE14, SE15 
and SE16, respectively. This means contents between 0.02 and 0.33 mg Ali/l.
Organic matter infl uenced fl ow of especially metals and nitrogen. Outfl ow from 
the SE14 site had the highest DOC concentrations (c. 22 mg/l) and also considerable 
organic nitrogen amounts (0.54 mg/l) compared to the other sites with less than 0.3 
mg Norg/l. Inorganic nitrogen levels were observed to be fairly low (< 0.43 mg/l). 
Phosphorus levels were mainly low, less than 0.005 mg PO4-P/l.
Special studies
A number of special studies were made and are reviewed in the following sections.
Throughfall measurement representativity at SE14
In the ordinary IM programme, TF is determined from 10 TF samplers representatively 
located along one line. To evaluate these measurements in relation to the total 
catchment, 39 extra collectors were randomly placed inside the SE14 catchment 
and measurements made. At each TF collector location, the tree canopy cover was 
estimated from digital photos (Figure 5.6.1). This resulted in a canopy cover of 70% 
in both the ordinary TF line and the randomly placed locations. The amount of water 
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collected was on average 1126 mm in the TF line and 1149 mm for the total catchment. 
A small deviation of 2% was found.
A few chemical analyses were made on the samples where electrical conductivity 
differed with 0.6 mS/m, i.e. 3.4 mS/m and 2.8 mS/m. Also pH was studied and values 
differed with less than 0.1 units. 
In conclusion, the TF line was quite representative but in the beginning of 2005, 
a heavy storm struck site SE14 and wind-threw 10-15% of the trees turning the 
representativity uncertain again.
Figure 5.6.1 Photos used for estimating the tree cover at SE14 Aneboda in 2004. Sampling points G8 
(left) and M8 (right) had 41% and 77% tree canopy cover, respectively.
Spatial variability in soil physical conditions at SE15
The spatial variability in till soil is considerable and with regard to the signifi cant 
impacts the soil properties have on water and element turnover accurate information 
is crucial. Often determinations relate to the soil sampling locations and sampling 
sites for soil moisture content and groundwater levels. However, these only furnish 
information for a limited part of the total catchment. With respect to this an extended 
soil sampling was carried out in the SE15 catchment to enhance the database. Such 
data is also needed in hydrological modelling.
In a grid net with 23 locations samplings were carried out for the E- and B-horizons 
for determination of porosity, bulk density, hydraulic conductivity and water 
retention at pF levels of 0.7 (0.05 m w.p.) m and 4.2 (150 m w.p.). The results are in 
fairly good agreement with previous determinations in the soil site and groundwater 
transect (Figure 5.6.2). However, similarities were less good in the near stream zone 
as compared with the upper transect locations. Agreement was also better for the 
E-horizon than for the B-horizon.
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Figure 5.6.2 Porosity (%), bulk density (kg/dm3) and hydraulic conductivity (cm/h) in the E- and 
B-horizons at Kindla. The Box-plots represent min, lower quartile, median, upper quartile and 
max (n=23). The grey and black dots show the results from the individual samples at the studied 
transect. Transect upper part = grey, transect lower part = black.
Figure 5.6.3 Annual fl uxes of total aluminium (Al-Tot) in stream water and sulphur deposition 
(S-deposition) as TF at SE04 during the period 1980-2004. 
Inorganic Al in relation to SO4
Hazardous metals deteriorate biological system functions. One crucial metal for the 
aquatic system is aluminium in inorganic form, Ali. Infl uences are toxicity for fi sh 
and other gill dependent organisms. Ali originates from the soil and with acidifi cation 
enhanced leaching occurs. However, in the present recovery period with only 30% 
SO4 deposition (8 kg ha
-1 yr-1 in SE04) of the high values in 1980 (25 kg ha-1 yr-1), Ali 
concentration decreased by 50%. In spite of this, the total Al content stays on a high 
level with only 5% decrease. Anyhow, there is a correlation between decreasing SO4 
deposition and leaching of Altot (Figure 5.6.3). In spite of this, site SE14 does not show 
a similar decrease in Ali despite of the high organic content (22 mg DOC/l), instead 
Ali concentrations are high, 0.14 mg/l. 
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